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PREFACE 


In 1925 the au<lu)r published a textbook of j^eneral botany, the 
greater part of which was "devoted to the physiology, morphol- 
ogy, and reproduction of seed plants." This book was small, and 
perhaps better adapted to a semester than to a full-year course. 
It was very well rec(M\’ed : so much so, that a nurnlx^r of users of 
the book have suggested that it 1)0 enlarged to meet the require- 
ments of a full-year course, particularly by the inclusion of an 
adequate treatment of the divisions of the plant kingdf)m. 

During comparatively recent years there have l)een tremendous 
advances in our understanding of the interrelationships of various 
groups of plants which make it feasible to present the develop- 
ment of the plant kingdom in a much more interesting manner 
than was previotislv possible. A comparatively small part of 
this new understanding is reflected in modern texts. It would 
seem, therefore, that there should be a real place for a text- 
book in which the newer knowledge and viewpoints are incorpo- 
rated in such a way as to make them readily understood and easily 
remembered. 

The new information not only makes the plant kingdom more 
interesting but makes it possible to group plants in such a way 
that the remembering of their structures and life histories is greatly 
facilitated. When, as is the prevailing custom in textbooks, the 
direction of evolution in the green algae is illustrated by such het- 
erogeneous mixtures as Protocrocrus, llothriXy Sptrogijniy Oedogo- 
nmm, and Vaurheria, it is no wonder if students find it difficult to 
remember the contrasting details, or if they fail to be greatly im- 
pressed by the use of these forms as a proof of an evolutionary 
process. 

Ample illustrations are a great help in the study of plantKS. The 
use of actual specimens is, of course, indisj^ensable. In teaching, 
illustrations are also necessary and have essential roles for which 
it is impracticable to employ actual six^cimens. It is not p(>ssible 
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to have available at the proper time all the desired stages of the 
various plants which are to be presented, and it is usually im- 
practicable to have more than a small proportion of them. While 
the student may examine specimens in the laboratory or the 
classroom, they are, for the most part, not available for home 
study and review. Descriptions without figures are wholly inade- 
quate for a real understanding. It follows that illustrations should 
be very ample if a student is really to understand the material 
presented to him in the text. In this book the various details are 
fully illustrated. 

In teaching the plant kingdom, it was for years the custom to 
use w’hat was known as a type course in which different groups 
were represented by types, and students were taught practically 
nothing more than the types. After a time it became evident that 
this method was unsatisfactory, as it presented only certain indi- 
vidual plants and not the plant kingdom; and the method has 
been variously modified. It is perhaps impossible and undesirable 
to get entirely away from the system of types, or at least repre- 
sentatives, because no students can learn the plant kingdom from 
generalities. Knowledge, after all, must be based on concrete 
facts ; and in botany this must be obtained from more or less in- 
timate knowledge of individual plants. The type course is con- 
fined to a few plants ; it does not present intermediate forms ; it 
gives no idea of a class as a whole ; and, particularly, it does not 
present a true perspective of the development of the plant king- 
dom. It is not possible nor is it necessary to know all the types 
of the different groups or to have a thorough knowledge of all 
intermediate forms. In this book the main types have been treated 
at some length, while variations and the principal characters of 
intermediate forms have been discussed much more briefly, often 
without the mention of names. For show ing a range of forms, re- 
liance has been placed largely on illustrations from which students 
may be expected to absorb more ideas or to get a much more cor- 
rect impression than would be possible from a short and inadequate 
description. 

The amount of material for which students should be held re- 
sponsible will naturally vary with the length of the course, the 
previous preparation of the student, and various other factors. 
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A casual comparison of modern texts of chemistry and physics 
with those of botany gives the impression that those of botany are 
rather shorter than the others, and the experience of the author 
indicates that it is within the ability of the average student of 
botany to master all the material presented in this book. There will 
be those who will think it desirable to give less. In preparing this 
text the author has had these in mind, and also those who have 
expressed the desire to use it as a text for a semester^s course. For 
this reason some of the material has been placed in small type. But 
it is believed that where all of the material cannot be given, the 
presence of the material in small type will be very useful. Consid- 
erable effort has been expended to see that the text reads as a con- 
nected whole whether with or without the material in small print. 
In giving courses in botany, it is a very general practice of pro- 
fessors to expand the material in the text and to make liberal use 
of illustrations and illustrated material. While no text can entirely 
replace this valuable contribution, it must be said that the ideas 
which students get are often imperfect and fleeting. The material 
in small print has much the same relation to that in large type as 
a professor’s lecture has to an average shorter text. A student who 
reads it, even though he does not remember the details, will have 
a much clearer idea of the subject ; just as he would after listening 
to a professor’s explanation. It can be used in various ways. The 
material could be required of students on daily or weekly quizzes, 
but not on final examinations. A student might be required to 
read it and to show that he has done so by having a general idea 
of its content ; or he could be simply advised that a perusal of it 
would add greatly to his understanding of the subject. 

The development of the colonial Volvocaks affords a good example 
of how small-type material may be used. Most texts mention 
only one or two members of this series. Unless this is supple- 
mented in some way, it is hard to see how a student can have 
any real idea of how beautiful and complete an evolutionary series 
there is in the Volvocales, In this text the initial member, Chlamy- 
domonas, and the highest type, Volvox^ are treated in large type, 
and with these descriptions goes a brief statement as to evolution 
from the one to the other, with reference to figures of intermediate 
types. Intermediate members are described in small tjrpe and are 
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illustrated in figures. A student who reads the small type and ex- 
amines the figures should have a good background for an under- 
standing of the evolution of motile colonies even though he does 
not remember the names of any of the individual forms or exactly 
how various characters are combined in any of the individual 
species. 

Facts in themselves are likely to be dry and uninviting, and are 
never so interesting and stimulating as the ideas, thought, and 
reasoning which are based on them. When botanists had only 
a very hazy idea as to the relation of the members of such a group 
as the green algae and were groping for a logical system of clas- 
sification, it wjis naturally very difficult to present the subject 
in a way that would be interesting and would stimulate thought 
and reasoning. With a clearer view as to relationship it is very 
much simpler to direct the thoughts of students in such a way as 
to develop their powers of reasoning and enable them to see sys- 
tem and order in the plant kingdom. In most textbooks of botany 
discussions of relationship and the tracing of evolution are either 
practically omitted or given very brief consideration. In this book 
an attempt has been made to increase the interest of the students 
and to stimulate their reasoning by discussion, particularly of how 
groups of plants are related one to the other and of the different 
courses which evolution has taken. 

In various places in the text it is shown that our knowledge 
is incomplete and that in some cases different authorities place 
various interpretations on the known facts. Any confusion which 
may result in the mind of the student will be more than offset by 
the truer perspective that this method should give. Controversial 
subjects are usually discussed in small type. 

Very considerable care has been taken with the illustrations. 
If a student is expected to develop his powers of observation or 
to make accurate drawings, those in his text should be of the best 
quality. A large number of illustrations dealing with the divisions 
of the plant kingdom have been taken from the original writings 
of botanists of high standing. Most of them have been redrawn ; 
this has been necessary for the sake of clearness, as original illua- 
trations are often in colors, or are reproduced in some such style, 
or are of such a size, as not to be suitable for direct reproduction 
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in a text. The word "After” is used to indicate an illustration 
redrawn from the original source. In a few cases drawings have 
been modihed to allow for such obvious things as shrinkage of 
protoplasm, or made slightly diagrammatic in order that they 
might be more understandable. BIxcept where such facts are 
noted, the reproductions are as near like the originals as it has 
been feasible to have them made. In reproducing a few of the 
reconstructions from fossils, slight liberties have been taken with 
such things as shading. 

More than half of the illustrations in this book are drawings 
made especially for it. The others are taken from "A Textbook 
of General Botany.” In that book acknowledgment is made 
to all those who assisted me in the making of the drawings. I take 
this occasion, however, to expre.ss my thanks again to the follow- 
ing who were my students at the time they made very excellent 
drawings for that text and who .are now on the staffs of various 
institutions of learning; Dr. Jos4 K. Santos drew Figs. 10, 13, 19, 
28, 39, 40, 41, 43, 48, 50, 58, 126, 143, 144, 164, 165, 166, 197, 198, 
200, 203, 225, 227, 230, 324, 362, 379, 380, 382 ; Dr. Maria Pas- 
trana Castrense, Figs. 42, 55, 56, 57, 59, 73, 74, 82, 92, 103, 106, 
107, 130, 149, 151, 157, 158, 161, 162, 207, 208, 209, 221, 226, 228, 
231, 232, 240, 285, 333, 342, 345, 347, 352, 356, 357, 358, 360, 361, 
367, 389, 418, 419, 432, 444, 504, 508, 516, 517, 525 (left), 566, 570, 
584, 742, 743, 761, 781, 934 ; Professor Maria B. Gutierrez, Figs. 
22, 26, 27, 30, 32, 47, 53, 61, 72, 79, 96, 114 (left), 115, 128, 167 
(right), 168, 169, 170, 171, 220, 284, 289, 323, 327, 329, 332, 337, 
660, 670, 696, 803 (left), 804 ; Mr. Gregorio T. Velasquez, Figs. 
112, 790, 794, 795, 897, 997, 999, 1004 (right), 1005 ; Mr. Edilberto 
Karganilla, Figs. 34, 36, 46, 98, 105, 420, 544 (left) ; Mrs. Maria 
Tolentino Vallarta, Figs. 14, 310, 681, 763, 812, 814, 815, 817; 
Mr. Juan Pascasio, Figs. 159, 363, 368, 816, 842; Miss Ursula 
Uichanco, Fig. 824. 

I wish here to express my indebtedness for photographs to 
Dr. William 8. Copper, Dr. Forest Shreve, Dr. George E. Nichols, 
Professor D. A. Herbert, Dr. George H. Shull, Mr. Frederick V. 
Coville, Dr. W. W. Gamer and Mr. H. A. Allard, Dr. H. Otley 
Beyer, Dr. H. H. Bartlett, Dr. C. Skottsberg, and the Bureau of 
Science, Manila. 
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I am particularly indebted to Dr. Jos4 K. SantoS; head of the 
Department of Botany, University of the Philippines, whose en- 
couragement was really responsible for my undertaking the prep- 
aration of the book. Dr. Santos has been of great assistance in 
many respects, particularly in the furnishing of various materials 
for illustrations and in the making of illustrations. Dr. Santos 
suggested the inclusion of Figs. 325, 326, and 328, and made the 
drawings for them. He also suggested the inclusion of Figs. 17 
and 127 and designed the illustrations. 

I am also greatly indebted to Dr. Joaquin Maranon for very 
valuable suggestions and criticisms in the preparation of the text. 

WILLIAM H. BROWN 
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The Plant Kingdom 

CHAPTER I 
INTRODUCTION 

Botany is the science which deals with plants. Science may be 
defined as knowledge which is generally accepted because it has 
been proved to be true and which has been classified and arranged 
so as to demonstrate general truths or the operation of natural 
laws. 

The aim of botany is not, therefore, the accumulation of iso- 
lated facts, but to demonstrate the general laws which underlie 
the development, composition, and activities of the plant world. 
In its broadest sense, botany may be said to include all the sys- 
tematized knowledge of plants. The field covered by botany is 
so extensive that no man can hope to be intimately acquainted 
with all its branches, and so botanists usually work in a limited 
part of the field. Botany is often divided into a number of sub- 
ordinate sciences such as systematic botany (the classification of 
plants according to their relationships), morphology (the structure 
of the different parts of plants), physiology Cf be functions of 
plant organs), plant geography (the distribution of plants), ge- 
netics (which deals with inheritance and variation), and applied 
botany, w’hich embraces agriculture, horticulture, forestry, phar- 
macognosy, bacteriology, plant pathology, etc. 

The study of botany is useful for its general educational value 
as well as for its practical applications. Plants are probably the 
most conspicuous elements in the natural environment of most 
people, and it is through plants that a large part of the hiunan race 
comes most frequently in contact with nature. The cultural value 
of botanical study is very great. Plants are living things, and in 
them we can conveniently study many of the natural laws which 
deal with life. Plants are w’onderful objects for observation and 
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experimentation. A study of the development of plants through 
the ages, their intricate structure, and their wonderful adjustment 
to their surroundings affords great intellectual delight. Perhaps 
the greatest advantage of botanical study is the development of 
the student himself. The study of botany is particularly useful 
in developing powers of observation and is most valuable in giving 
students scientific methods of thought. The student has excellent 
opportunities for making scientific observation and drawing con- 
clusions along scientific lines. Such training is most useful in 
dealing with the affairs of life. 

The practical uses of botany and the applications which one 
may make of them are very diverse and far-reaching. The food 
of all animals, including man, comes from plants, either directly 
or through other animals. Plants furnish us much of the material 
from which our clothes are made. They also supply us with the 
wood that we use for fuel, for making furniture, for building houses, 
and for many other purposes. They furnish us with numlx^rless 
valuable products, such as many kinds of medicine, pcTfumes, paper, 
etc. In breathing, animals take in oxygen. This is combined with 
carbon, forming carbon dioxide, which is exhaled. All the avail- 
able oxygen would soon be exhausted, and all animals exterminated, 
if it were not for the fact that plants take in carbon dioxide, utilize 
the carbon, and liberate the oxygen. 

Even the remains of plants that have long been dead are useful 
to man. Among these is coal, which is used for fuel, and which 
also yields gas, coke, and coal tar. The last named is the basis 
of the synthetic-dye industry and the source of many valuable 
medicines and other useful products. 

As human life is so intimately connected with plants and de- 
pendent upon them, it is only natural that botany should be a 
subject of great interest; and it would seem that all educated 
persons should have some knowledge of it, if only for the purpose 
of understanding better so important a part of their environment 
as the vegetable kingdom. Such knowledge can hardly fail to give 
one a keener appreciation and enjoyment of nature. 

While botany has great cultural value, the science is even more 
important on account of its useful applications. The applied 
branches, which are sometimes known as economic botany, are 
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the most practical parts of the subject, but the theoretical branches 
also are useful. Although some of the applied branches, such as 
agriculture, horticulture, and forestry, have long since been sepa- 
rated from the parent science, their scientific application is de- 
pendent upon a knowledge of the fundamental principles of botany, 
and these applied branches have been continually improved by the 
employment of new principles discovered in the more theoretical 
fields. A knowledge of botany is useful not only to those engaged 
in the applied branches but also to everyone in daily life. It 
teaches us the values of different kinds of food and enables us to 
understand and control such processes as the spoiling of food, the 
decay of wood, the contamination of water supplies, and the mold- 
ing of leather. Many uses will be evident as the student acquires 
farniliarily with the subject. 



CHAPTER II 

THE PLANT AND ITS ENVIRONMENT 

The plant. All living organisms are grouped into two kingdoms, 
the animal kingdom and the plant kingdom. The members of 
these two kingdoms are very similar in their fundamental consti- 
tution and vital processes. 
Plants, like animals, are 
living and breathing or- 
ganisms characterized by 
growth and reproduction. 

Like animals, plants 
range in size from very 
large species to minute 
ones that can be seen only 
with the aid of a micro- 
scope. In dealing with the 
larger and more conspicu- 
ous kinds it is very easy 
to tell whether a given 
organism is an animal or 
a plant. This, however, is 
not the case with all small 
species, and there are 
whole groups of organisms 
which have been regarded 
by zoologists as animals 
and by botanists as plants. 
At this place it would 
therefore be difficult to give an understandable definition that 
would include all plants and exclude all animals. 

Plants not only vary from very minute species to trees whith 
reach tremendous heights, but are also very diverse in shape and 
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flower*, and fruit. (Plant X i, single flower 



The Plant and its Environment 


5 


structure. The small ones are very different in form from the aver- 
age person's conception of plants (Fig. 468). Many of the minute 
plants that live in water have slender projections known as flagella 
(Fig. 444) which enable them to swim rather rapidly for their size. 
As the larger and more complex 
plants are the ones that are most 
familiar and most conspicuous^ 
the first part of this book will be 
devoted to them. The typical 
higher plant is an organism with 
roots, flowers, leaves, one or more 
stems, and roots. Fig. 1 represents 
these various parts in the case of 
an eggplant. Except where other 
plants are specifically mentioned, 
statements in the first part of this 
book will refer to these higher or 
flowering plants. 

Leaves. The green color, which 
is due to the presence of a green 
coloring matter called chlorophyll, 
is one of the most important char- 
acteristics of the typical higher 
plant. Chlorophyll, in the pres- 
ence of sunlight, enables the plant 
to manufacture sugar from carbon 
dioxide (a gas found in the air) 
and water (obtained from the soil). 

The sugar is the starting point 
from which all the complex chemi- Fic. 2. A tropical orchid {Dendr<h 
cal compounds found in the plant 6iumafiosmum),allachcdbymcan8 

are built. The roots of the plant '** 
take from the soil not only water 

but, in addition, simple chemical compounds which are also used 
in the elaboration of the more complex and important plant mate- 
rials. The manufacture of sugar from carbon dioxide and water is 
the chief function of the leaves of a plant. This process is known 
as pfudosyrUhem. 
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Animals do not possess chlorophyll and are unable to build up 
their food substances from carbon dioxide, water, and simple 
mineral salts, but are dependent upon plants for food which has 
already been elaborated. Plants can and usually do remain in 
one place, where they absorb all the substances which they re- 
quire. Animals, on the other hand, must either move about in 
search of food or, as is the case with many marine animals whose 
food comes to them in the water, have it brought to them. This 
difference in the method of obtaining food appears to be respon- 
sible for many of the distinctions between the more complex plants 

and animals. 

Roots. The roots of most 
plants are in the ground, al- 
though there are many plants, 
particularly in the tropics, 
which grow on -other plants 
or on rocks and have their 
roots in the air (Fig. 2). The 
chief functions of the roots 
are to absorb water and 
mineral matter and to hold 
or anchor the plant in place. 

Stems. The stem serves 
as a support for the leaves, 
flowers, and fruits; for the 
transport of water and mineral matter from the roots to the leaves 
and other organs ; and for conducting manufactured food from the 
leaves to other parts of the plant. 

Flowers. In the flowers, male and female elements unite in 
sexual reproduction, a process which is very similar in both plants 
and animals. This process in plants is dependent on the transfer 
of small usually yellow grains called pollen from sacs known as 
anthers to the pistihy which contain the female elements known 
as eggs. The pollen is in many cases transferred by wind, or by 
insects which are attracted by the color or odor of the flowers. 

The various parts of the flower of an eggplant are shown in 
Fig. 3. In the drawing the flower is represented as split down 
one side to show the different organs. The conspicuous expanded 



Fig. 3. A flower of an eggplant, split to 
show parts. ( X IJ) 
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part is the corolla. In the center is the pidilf composed of a basal 
portion {the ovary) j a terminal portion (the stigma) ^ and a slender 
structure (the style) y which connects the ovary and the stigma. 
Around the pistil are the stamensy which consist of slender fila- 
ments and large terminal anthers. Below the corolla is the calyx 
with pointed green lobes. The calyx enclosed the remainder of the 
flower when it was a bud. In many flowering plants the flow^ers 
are so inconspicuous that many people regard the plants as 
lacking flowers. 

The process by which the male element is carried to the egg is 
shown diagrainmatically in Fig. 4. In this figure arc seen four 
anthers, three of which have 
opened so that the pollen 
grains are visible. When the 
pollen grains are deposited 
on the stigma, they produce 
long tubes which grow down 
into the ovary and enter 
small oval bodies, the ovtilcSy 
each of which contains an 
egg. In Fig. 4 the pistil is 
represented as cut in half 
longittidinally. In the cavity 
in the ovary are shown six 
ovules. There are four pollen 
tubes in the pistil. The longest of these is seen entering an ovule. 

Fruits. The male element escapes from the end of the pollen 
tube and fuses with the egg, after which the product of this fusion 
develops and becomes an anbi'yo, the ovule being transformed into 
a seed. The seeds are inclosed in the fruity which is the ripened 
ovary. When the seed meets with conditions favorable for devel- 
opment, the embryo grows and becomes an independent plant. 
The fruit not only contains the seeds but frequently serves as a 
means of distributing them to distant places where they may find 
favorable conditions for development. Examples are seen when a 
bird eats a fleshy fruit and later deposits the seeds at a consideopable 
distance, or when the husk of the coconut (Fig. 389) enables the 
seed to float to a new locality. 



Fig. 4. Diaisram of a section of a flower 
at the time of fertilization 
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All parts of the plant have separate functions, but all contribute 
to what, after all, is the main function of the plant, the production 
of offspring. The success of the plant, if we look at it from the 
Standpoint of the plant itself, depends riot on its size or beauty but 
on its power to reproduce its kind and occupy territory. The 
leaves contribute toward this end by manufacturing food used in 
the seed ; the stems, by giving support to the leaves and reproduc- 
tive structures ; the roots, by absorbing water and mineral matter 
and anchoring the plant in place ; and the flowers, by producing 
the seed. 

Environment. We have seen that a typical higher plant is an 
organism with leaves, stems, flowers, and fruits, all of which are 
in the air, and roots, which usually grow in the soil. In discussing 
the environment of a plant, therefore, we have to consider the 
component parts of the air and of the soil. 

Air. The air is a mixture of gases. The principal gases in this 
mixture are colorless, tasteless, and odorless, so that we cannot 
see, taste, or smell them. The principal gases of the atmosphere 
are nitrogen, oxygen, carbon dioxide, and water vapor. Nitrogen 
constitutes about four fifths of the air, and oxygen about one fifth. 
Carbon dioxide is always present in small quantities (about .03 per 
cent), while water vapor occurs in varying quantities, depending 
on the circumstances. 

In respiration (breathing), plants and animals take in oxygen; 
without it they could not carry on respiration and so would soon 
die. Respiration is performed in all the living parts of plants and is 
just as important for plants as for animals. We can see this readily 
in the case of seeds, which, if deprived of oxygen, will not germinate. 

Carbon dioxide, as we have seen, is used by plants for the manu- 
facture of sugar. 

The water vapor in the air is also an important factrir in the 
environment of plants. The principal constituent of the living 
parts of plants is water, and plants expose moist surfaces to the 
air. When water or a moist surface is exposed to the air, some 
of the water is changed to water vapor and mixes with the air. 
This process is known as evaporation. If a small amount of water 
is left in an uncovered glass, we know that the water evaporates 
and leaves the glass dry. We also see the result of evaporation 
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when we dry wet clothes. The rate of evaporation depends in part 
on the amount of water vapor in the air. We are familiar with the 
fact that when the air is wet it takes much longer for anything to 
dry than it does when the air is dry. In other words, as the amount 
of water vapor in the air increases the rate of evaporation decreases, 
because moist air will take up less water than will dry air. The 
moist surfaces of plants, like any other moist surfaces, lose water 
by evaporation. The evaporation of water from plants is known 
as iranspiration ; it is a very important process from the stand- 
point of the plant, and one that we shall examine in considerable 
detail in a later chapter. The rate of transpiration will naturally 
be influenced by the amount of water vapor in the air, the rate 
decreasing as the quantity of water vapor in the atmosphere in- 
creases. If a plant continues to lose water faster by transpiration 
than it can obtain it from the soil, the plant will wilt and finally 
die. It is for this reason that many delicate plants cannot be 
grown in places where the air is very dry, as they would dry up 
and die from excessive loss of water. The amount of water vapor 
in the air is not the only factor which affects the rate of evapora- 
tion, as the rate is increased by wind, heat, and light. 

Soil, The soil is composed of small rock particles mixed with 
varying quantities of decaying organic matter. Between the par- 
ticles are spaces which usually contain air. The air in these spaces 
is very essential to plants, as it contains oxygen which enables the 
roots to carry on respiration. 

The soil particles are surrounded by thin films of water. The 
roots of plants absorb water from these films. In very w^et soil 
the spaces between the soil particles may be filled with water. 
This is a very bad condition for most crops, as the water keeps 
the air out of the spaces and the soil then contains too little 
oxygen for the roots of most plants. 

The soil particles are composed of a number of different com- 
pounds. Small quantities of these go into solution in the water 
around the particles and pass into the roots of plants. The ele- 
ments w’^hich are necessary for plants in general and which are ob- 
tained from the soil are nitrogen, phosphorus, sulfur, calcium, iron, 
potassium, and magnesium, with extremely small quantities of 
some others such as manganese. 
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The elements oxygen, hydrogen, and carbon are very important 
constituents of plants. Hydrogen is obtained from water, oxygen 
from both water and the air, and carbon from the carbon dioxide 
in the air. The other elements needed by plants are taken from 
the soil. 

Habit and habitat. There are many different environments in 
which plants grow, and in each case the plants are fitted by their 
structure for their particular environment. The kind of environ- 
ment in which a plant grows naturally is known as its habitat, 
while the form of the plant is spoken of as its habit. 

Terrestrial, aquatic, and epi- 
phytic plants. Plants that grow 
in the ground, as is the case 
with most of the higher plants, 
are tert'estrial plants. Those 
that have their habitat in 
water are known as aquatic 
plants, or (ujuaticH (Figs. 5, 97, 
311). If they are submerged in 
the water, they are anbmerged 
aquatics. Those that grow 
perched on other plants but 
obtain no nourishment from 
the plants on which they grow 
are epiphytic plants, or epiphytes (Figs. 2, 104, 233, 252, 255, 271, 
272). In cold temperate regions the epiphytes are mossc\s and 
mosslike plants and lichens. In wfxrrner regions, particularly in 
the moist tropics, many flowering plants also grow as epiphytes. 
Some of the most beautiful of the orchids belong to this class 
(Fig. 2). Epiphytes arc dependent for their water supply on rain 
and on water which condenses from the atmosphere. 

Xeroph 3 rtes, mesoph 3 rtes, and hydrophytes. Plants that are 
fitted for growing in a dry habitat are known as xerophytes (Figs. 
276-279). The cacti are good examples (Fig. 277). These plants 
have enlarged stems in which they store water for use when a 
sufficient supply is not available from the ground. Plants, such 
as aquatics, which can grow only under very wet conditions are 
hydrophytes. Most plants arc not specialized to grow in either very 



Fig. 5. A flouting a(|uati(* plant (Pis* 
tia stratiotes^ that is found in the trop- 
ical and subtropical regions of both 
hemispheres. ( X J) 




Fig. 6. A meso phytic tropical forest (Philippine) 



Fig. 7. Flower and buds of Rafflesia mamllana^ a true parasite on the roots of 

a Cissus vine 


Rafflesia has no regular leaves or stem, the flowers growing directly from the 
roots of the host. Another ai>ecios of Rnfflesin^ R. has the hirgest known 

flowers, these being about a meter in diameter 
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dry or very wet habitats, but thrive under conditions intermediate 
between these two extremes (Fig. 6). Such plants are mesophytes ; 
they include the great majority of cultivated plants, such as beans, 
tomatoes, com, squashes, etc. 

Parasites and saproph 3 rtes. While most plants manufacture 
their own food, there are many which live on food that has already 
been elaborated. Those plants that send absorbing organs into 
living plants from which they draw their nourishment are para- 



Fig. 8. Two species of tropical mistletoe which are hemiparasites 

Left, Viscum arienialey the root of which forms a single haustorium (absorbing 
organ). Right, Loranthus philippensiSf the roots of which grow on the surface 
of the host and send many haustoria into it 

sites (Figs. 7, 189, 60). As true parasites do not contain chloro- 
phyll with which to manufacture the food they require, they do 
not have the green color of chlorophyll. Some plants, however, 
have absorbing organs by means of which they obtain materials 
from other plants, and at the same time possess chlorophyll which 
enables them to manufacture food. Such plants are hemiparasites, 
of which the mistletoe is a good example (Fig. 8). 

Another class of plants, instead of manufacturing their food, 
abmrb it from deca 3 dng organic matter. These are saprophytes. 
Numerous saprophytic flowering plants obtain their food from 
decompodng organic matter in the soil (Fig. 9). These, like the 
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parasites, lack chlorophyll and are frequently colorless; they 
may have various colors, but they never have the green color of 
chlorophyll. The most numerous of the para- 
sites and saprophytes belong to the lower groups 
of plants. Most of the bacteria and all of the 
fungi either are parasitic on plants or animals 
or are saprophytic. 

Annuals, biennials, and perennials. Accord- 
ing to the length of time they live, plants are 
designated as annuals, biennials, and perennials. 

Those that live for only one year or a single 
season are annuals; these include our cereals, 
such as corn, rice, and wheat, and many of our 
vegetables, such as tomatoes, cucumbers, etc. 

Biennials are plants that live during the 
favorable growing periods of two years, and 
produce seeds and die during the second year. 

Biennials are rather numerous in temperate 
zones, and include such common vegetables as 
beets, carrots, and cabbages. yk. 9 . Monotropa 

Plants like roses and cannas that live from (Indian pipe), a 
year to year or through a series of years are saprophyte with 

. f colorless leaves 

perennials, ( x j) 

NAMES OF PLANTS 

Species. In dealing with the very large number of plants that 
occur in the world it is necessary not only to have names for the 
various species but also to have a system of classification that 
groups plants together according to their similarities and relation- 
ships. The different kinds of plants are regarded as different 
species, and each kind is given a species name, or specific name. 
The structure of the flower is the most important criterion in the 
classification of flowering plants. 

Groups of plants. In cla88if3ing plants the different kinds 
(species) are grouped into genera, families, orders, classes, and 
divisions. The whole plant kingdom is divided into divisions, one 
of which, the Spermaiophyta, includes all seed plants. Divisions 
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are subdivided into classes. The classes of the Spermatophyta are 
gymnosperms (seed plants without flowers in the popular sense) 
and angiosperms (flowering plants). The monocotyledons and 
dicotyledons are subclasses of the flowering plants. An order is a 
large group which includes plants that have some prominent char- 
acteristics in common and show a natural relationship to each 
other. An order includes one or more ndated families. A family 
is therefore a subdivision of an order and consists of a group of 
closely related genera, although a family may contain only a single 
genus if this genus is distinct enough from all others to be put into 
a separate family. Usually, however, there arc a number of genera 
in each family. A genus is commonly a group of closely related 
species, but may contain only a single species. A species represents 
a single kind of plant, the individuals of which differ from each 
other only in minor characters which are bridged over by inter- 
mediate forms, and in characters which are tlue to age, sex, nu- 
trition, individual peculiarity or accidents, or selective breeding 
by man. The individuals of a species may be cross-pollinated and 
reproduce the same kind of plant. 

Names. The species, genus, family, and order have each a sep- 
arate name. In writing the name of a plant we use the geiu^ric and 
the specific name. The generic name is written first and then the 
specific name. The generic name always begins with a capital let- 
ter. In a practice \^'hich has been very imicli used, a specific name 
is always begun with a small letter. Most botanists, however, 
prefer to begin the specific name with a capital letter if that name 
is derived from the name of a person. W hen the s{X^cific name is 
not derived from a proper noun, it always begins with a small let- 
ter. As an example we may take the coconut, which belongs to 
the genus Cocos and lias the specific name yiucifera. We write 
first the name Corns and begin it with a capital C. This is fol- 
lowed by the name nucifera (meaning nut-bearing ^')> which is 
begun with a small n. The name is therefore written Cocos nucifera. 
As another example we may take the cultivated coleus. This plant 
belongs to the genus Coleus and has the sixjcific name blumei. In 
accordance with a widely accepted usage the name has been written 
Coleus blumei. The name blumei was given in honor of the Dutch 
botanist Blume. Owing to the derivation of the name, moat bota- 
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nists prefer to write it Blumei. Specific names frequently refer to 
some character of the plant, as nucifera (nut-bearing), odorata 
(fragrant), microphylla (small- leaved), pinnata (pinnate-leaved). 
In other cases the name may be derived from a country, as ameri- 
cana ; or from the name of a man, as hlumei ; or from one of vari- 
ous other sources. Generic names are similarly derived. 

The idea ''an unidentified species of the genus Agave'' is ex- 
pressed in the abbreviated form Agave sp." ; "several species of 
Agave by " Agave spp/' 

Generic name. The generic name is regarded as a proper noun 
and is applied to only one genus in the whole plant kingdom. It is 
therefore begun with a capital letter. The specific name is not a 
proper noun and may be applied to a single species in each of any 
number of different genera. 

Specific name. Owing to the fact that the specific name may be 
applied to a large number of species in different genera, the specific 
name is never correctl}^ used except in connection with the generic 
name. The generic name, on the other hand, may be used alone, 
as it applies to only one genus. As an example we may take the 
case of the cannas. These plants belong to the genus Cannay so 
that when we use the generic name Carina it has a definite meaning, 
as we know at once that it applies to the cannas. One of the wild 
cannas is called Canna indica. If we were to use the wonl indica 
alone, it would not have any definite meaning, as other species in 
different genera are also named indica. 

Authority for name. When the name of a plant is written for 
exact scientific determination, it is customary to place after it the 
name, or an abbreviation of the name, of the man who gave the 
specific name to the plant. The name Cocos nucifera was given by 
Linnseus, who is regarded as the father of systematic botany. His 
name is usually abbreviated L. or Linn. When exactness is re- 
quired, the name of the coconut should be wTitten Cocos nucifera L. 
or Cocos nucifera Linn. The necessity for this arises from the fact 
that in the development of botanical classification the same name 
has been applied by different authors to different plants. 

Advantages of scientific names. The use of scientific names is 
necessary in order to have names that will be generally understood 
in all languages, because in different languages the same plant 
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usually has different names. Also, the use of scientific names pre- 
vents confusion even in the same language, as in different regions 
the same common name may be applied to different kinds of plants, 
or the same plant may be known by different names. A very good 
example is the word com. It may mean any small, hard seed, as 
that of the apple, coffee, or any one of the cereals, as wheat or rye. 
The name corn is also used specifically for an important cereal crop 
of a given region. In England it is applied to wheat, in Scotland 
and Ireland to oats, and in the United States to Indian com, or 
maize. It will be seen that one common name may mean different 
things to different people, whereas the scientific name of Indian 
com, which is 2ea mays, has the stime meaning to any botanist, no 
matter where he may be. 

Advantages of two names. The use of two names htis many 
advantages. The generic name signifies the group to which the 
plant belongs, and the specific name the individual kind of plant. 
When the two are used together, we immediately know the in- 
dividual plant, and we also have an idea as to what are its closest 
relatives. Another important point is that it would be very difficult 
to find a sufficient number of names to enable us to give a different 
and appropriate one to each species. Genera are much less numer- 
ous than species, so it is not so difficult to get enough names for the 
genera. The use of the same specific name in many genera makes 
it much easier to find a sufficient number of appropriate names for 
the different species. 

The earliest books on the classification of plants in which our 
modem system of names was used were written in the Latin lan- 
guage, and at the present time it is customary to write generic and 
specific names with Latin endings. For this reason they are re- 
garded as foreign w^ords and so are printed in italics in scientific 
books and articles. This method has the advantage of making the 
names more prominent and shows at a glance what plants are dis- 
cussed in any paragraph. 

J^eople often think that the scientific names of plants are hard 
to remember. As a matter of fact the difficulty does not lie in the 
names themselves but in the fact that they are unfamiliar. Scien- 
tific botanical names become just as simple as any other names 
after we have heard them a few times and they have lost their 
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strangeness. Certainly, botanical names are no more difficult than 
many names such as carburetor, camouflage, and superheterodyne, 
which have been recently introduced into the English language 
and are familiar to all. As a matter of fact a very large proportion 
of botanical names are short and simple. The botanical names of a 
great many familiar plants are simply the names by which these 
plants were known to the Romans, and many of them are very 
much like English common names. As an example, the rose is 
Rosa', pine is Finns. Anyone who looks at scientific botanical 
names without prejudice will find no difficulty in mastering them. 



CHAPTER III 


THE CELL 

When a portion of a plant is examined under a microscope, it 
is found to consist of a number of small boxlike compartments 
called cells. A typical plant cell is shown in Fig. 10, and a section 
of a group of cells in Fig. 11. A plant cell is surrounded by a firm 

wall called a cell wall, which may 
be regarded as a container in 
which the protoplasm, or living 
part of the cell, is found. Cells 
may be thought of as the funda- 
mental units of all living things, 
whether plants or animals. The 
cell is the smallest unit of living 
matter capable of continuous in- 
dependent existence and of repro- 
duction. Very small plants or ani- 
mals may consist of only a single 
cell, while large individuals are 
composed of a great many cells. 
An egg of either a plant or an ani- 
mal is a single cell, which, by divi- 
sion and growth, develops into a 
mature individual of its species. In 
highly developed plants and ani- 
mals cells become specialized for 
different uses. Thus, ordinary green plants have some cells espe- 
cially suited to the absorption of water; others, to the conduc- 
tion of water ; and still others, to the manufacture of sugar from 
carbon dioxide and water. The special characters of many kinds 
of cells will be evident after a study of the parts of a plant. All 
living cells are alike, however, in their fundamental characteristics 
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Fic. 10. A typical cell from a hair 
of a squash plant. ( X 180) 
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Cell walls* Cell walls are important not only because they 
serve as containers of the protoplasm but also because they en- 
able the plant to assume a definite shape. If it were not for the 
cell wall the protoplasm, being liquid or semiliquid, would simply 
spread out on the ground, as would any other liquid. The heart- 
W'ood of trees consists largely of thickened cell walls of dead cells 
(Fig. 146). If a piece of w^ood is examined under a microscope, the 
walls of the individual cells can be readily seen. The cell wall is 
typically composed of cellulose ^ which is a chemical compound 
having the formula (CV)Hio 05 )n and be- 
longing to the group of organic compounds 
known as carbohydrates. (Cellulose is J 

hard and colorless, absorbs water readily, J; , J j I 
and is insoluble in w^ater. Cotton and t 

filter paper are very good examples of IL 

nearly pure cellulose. Cellulose is w^ell 
suited to the formation of cell walls, be- M '^SA 
cause it is rather hard and strong and ^ 
because w ater can pass through it. Owing 
to its hardness and strength it gives firm- ^ 

ness and strength to the cell wall. Since 1^*®. 11. A section of a 
w^ater is one of the essential constituents 

onion root tip. ( X ouO) 

of plant cells, it is of great importance that 

the cell wall should be of some substance through w hich w ater can 
pass, so that water can readily enter a cell or pass from cell to cell. 

As a constituent of w ood and of fibers such as cotton, linen, etc. 
cellulose has alw^ays been of great value to man. Within recent 
years cellulose as a chemical substance has come into great promi- 
nence in the manufacture of such articles as cellophane, rayon, 
cellulose lacquers, high explosives, etc. 

Cells that are specialized for certain purposes sometimes have 
in the cell wall other substances in addition to the cellulose. Cell 


walls that are considerably thickened, so as to give great strength, 
frequently contain a substance knowm as lignin. Such cells are 
said to be lignified. Wood is composed largely of lignified cells. 
Water passes through lignin very readily, so that the addition of 
lignin strengthens the w^all without greatly interfering with the 
passage of water through it. Cells that are on the outside of plants 
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and exposed to dry air frequently have their outside walls impreg- 
nated with a waxy substance, cutin. Water does not readily pass 
through such cell walls ; consequently the walls tend to protect the 
cells from excessive loss of water due to evaporation. A layer of 
cutin is frequently found on the outside of cells that are exposed to 
dry air. Such a layer is known as a cuticle. Stems of plants are 
frequently protected from high rates of evaporation by the de- 
velopment of cork. The walls of cork cells also are impregnated 
with a waxy substance, suberiuy which is impervious to water. 

A cell can exist without a cell wall, and in some of the simpler 
plants, at certain times, the protoplasm escapes from the cell and 
surrounds itself with a new cell wall. 

Animal cells do not have hard cell walls, like plants, but have a 
soft covering ; in some cases they may be naked. For this reason 
the flesh of animals is soft, while the form of large animals is due 
to a considerable extent to their bones, and not to cell walls, iis in 
plants. 

Middle lamella. Between two adjacent cell walls there is a 
thin layer known as the middle lamella, which cements together 
the two cell walls. The middle lamella consists largely of pectose 
or calcium pectate. Many fruits in ripening become soft and 
mushy, owing largely to the disintegration of the middle lamella 
by the conversion of the pecto.se substances into pectic acid. Pec- 
tin, the material which causes apple jellies and similar fruit jellies 
to set, is an intermediate product tetween the pectose substances 
of the cell wall and pectic acid. 

Protoplasm. Within the cell wall is found the protoplasm, or 
living part of the cell. The gray material in Figs. 10 and 11 is 
protoplasm. Protoplasm is usually a viscous liquid or a jelly. 
There is no sharp dividing line between these two states, and the 
same protoplasm may change from one to the other. The liquid 
state is associated with a more active condition. Protoplasm has 
a slightly grayish color, or it may have a yellowish tinge due to in- 
cluded food particles. It is usually rather transparent. Included 
within the protoplasm are numerous minute granules, many of 
which are food particles. 

Protoplasm is a very complex mixture of various substances 
dispersed in water. Active protoplasm usually contains more than 
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90 per cent of water. In some cases, as in seeds, the amount of 
water may be much smaller, and the protoplasm becomes rela- 
tively hard. In such cases, however, the protoplasm loses most of 
its activity, and becomes active only when additional water is 
supplied. Next to water the substanoes which are present in great- 
est amount are proteins. These are very characteristic of proto- 
plasm, and protoplasm is often said to be essentially a dispersion 
of proteins in water. Proteins are very complex chemical com- 
pounds with large molecules, and always contain the elements 
carbon, hydrogen, oxygen, and nitrogen, and frequently in addi- 
tion other elements, such as sulfur and phosphorus. These last 
two elements are always present in the proteins of protoplasm. 
There are many different kinds of proteins in protoplasm. The 
white of an egg is a very good example of one kind of protein. 
Among the other organic compounds found in protoplasm are fats 
and carbohydrates such as sugar. Carbohydrates are compounds 
of carbon, hydrogen, and oxygen in which the hydrogen and 
oxygen are usually present in the same proportion as in water; 
that is, two molecules of hydrogen to one of oxygen. A consider- 
able variety of inorganic salts are also found in protoplasm. The 
materials found in protoplasm will be discussed more fully in a 
later chapter. 

Colloidal state of protoplasm. The proteins are dispersed in 
the water of the protoplasm as particles of colloidal size. In order 
to understand what is meant by a colloidal dispersion in water 
(sometimes called a colloidal solution) we may consider the dif- 
ferences l^tween a suspension, a colloidal dispersion, and a true 
solution. If we were to take small particles of soil that are still large 
enough to be visible, and stir them in a vessel of water, they would 
become suspended in the water. We should then have a suspension 
of soil particles in water. We frequently see such a condition in 
muddy rivers or in agitated pools. Each soil particle is composed 
of many molecules. These particles would settle to the bottom if 
the water were to remain still for a sufficient length of time. Each 
soil particle could be divided into two, and we should have a sus- 
pension of smaller particles. Theoretically this process of division 
could be continued until each particle would consist of only a few 
molecules and finally of only a single one. The last condition would 
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be a true solution, in which the individual molecules of the soil 
would be dispersed in water. When we put a little sugar in water, 
the sugar seems to disappear and to sweeten the water. In such a 
case we have a solution (or dispersion of molecules) of sugar in 
water. From the foregoing consideration it is evident that there 
must be every gradation between a suspension and a true solution. 
The condition intermediate between a true solution (disi>ersion of 
molecules) and a suspension (dispersion of visible particles) is 
known as a colloidal dispersion. A colloidal dispersion in water is a 
dispersion of particles whose size may vary between 0.1 /x and 
0.001 /i. (1 /i, read "micron” or "mu,” equals 0.001 millimeter.) 
The lower limit is regarded as the size of a large molecule, while the 
upper limit is slightly smaller than the smallest object of which 
the form can be seen with the aid of a microscope. These limits 
are arbitrary, as there can be no sharp division between a colloidal 
dispersion and a suspension. Likewise there is no sharp distinction 
between a colloidal dispersion and a true solution, as some complex 
molecules are large enough to be within the limits of size given 
above for colloidal particles. 

A suspension is a dispersion of particles which are large enough 
to be visible with the aid of a microscope. A true solution is a dis- 
persion of molecules or parts of molecules. A colloidal dispersion 
is a dispersion of particles which are larger than most molecules 
and yet too small to be seen even with the aid of a microscope. 

Colloidal dispersions are not confined to dispersions of solids 
in liquids. Just as we may have an emulsion (which is a suspension 
of a liquid in another liquid, as oil in water), so we may have a 
colloidal dispersion of a liquid in another liquid. This condition is 
known as an emulsoid. Smoke is a dispersion of a solid in a gas ; 
a cloud is a dispersion of a liquid in a gas ; meerschaum is a dis- 
persion of a gas in a solid ; ruby glass is a dispersion of a solid 
(gold) in a solid (glass). Protoplasm is generally believed to be an 
emulsoid in which proteins are dispersed in water. 

Importance of colloidal state. Much of the importance of the 
colloidal state arises from the fact that the dispersed substances 
have enormous surfaces for the play of surface forces and for 
chemical reactions. The increase in surface when a substance 
becomes finely divided can be illustrated by the following example : 
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A cubic centimeter of material in the form of a cube would have 
six sides, each with an area of 1 square centimeter. The cube 
would therefore have a surface of 6 square centimeters. If this 
cube were divided into two parts by a cut in a plane parallel with 
two sides, the surface would be increased by the area of two sides. 
The two parts would then have a total area of 8 square centimeters. 
Subdividing these parts would, of course, increase the surface 
area. If the original cube were divided into cubes with edges 
1 millimeter long, there would be one thousand cubes and they 
Avould have a total area of 60 square centimeters. If it w’^ere 
divided into cubes with sides 1 /i (0.001 millimeter) long, there 
would be a total area of 6 square meters, while if the original cube 
were divided into cubes with edges 0.001 ji long, the total surface 
w^ould be 6000 scpiare meters. 

Hydration of protoplasm. The particles of many colloids have 
the property of absorbing and holding large quantities of water. 
This property is known as hydration, and a colloid which has 
absorbed water is said to be hydrated. Gelatin is a colloid and 
affords a good example. A 2 per cent solution of gelatin is*a solid 
at ordinary temperature. Thus two parts of gelatin can hold 
ninety-eight parts of water. The colloids of protoplasm are hy- 
drated, the degree of hydration varying under different conditions. 

Distribution of protoplasm. The protoplasm is usually divided 
into two parts : the nucleus, a rounded body ; and the cytoplasm, 
which is the protoplasm outside of the nucleus. These are shown 
in the cells in Fig. 11. Young cells are usually filled with proto- 
plasm. In mature cells the cytoplasm may consist of a layer 
around the cell walls, a layer around the nucleus, and strands 
radiating from around the nucleus toward the cell walls (see 
Figs. 10, 11) ; or the cytoplasm may simply occur as a layer 
around the cell walls and the nucleus be embedded in this layer 
(Fig. 13). The nucleus is generally regarded as the part of the 
cell which governs the activities of the other part,s and deter- 
mines the nature and hereditary characteristics of the plant. The 
nucleus is a permanent organ of the cell. Nuclei are produced by 
the division of one nucleus to form two daughter nuclei. The divi- 
sion of the entire protoplasm (protoplast) of the cell to form two 
new cells is preceded by the division of the nucleus. The nucleus 
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hab a complicated structure and an intricate method of division. 
The nucleus and its division will be treated much more fully in a 
later chapter. 

Indusions within the protoplasm. Protoplasm consists essem 
tially of a colloidal dispersion of proteins in water, but many 
other substances may be found within the protoplasm; these 
include mineral salts, sugar in solution, and food particles. 

Physiological properties of protoplasm. Protoplasm is fre- 
quently said to be distinguished from' non-living matter by the 
following physiological properties : 

1. Absorption and excretion. By absorption protoplasm obtains 
materials necessary for its growth, and by excretion it gets rid 
of some substances which it does not need. The protoplasm of 
green plants takes in water and mineral matter from the soil, and 
carbon dioxide from the air. In the process of photosynthesis, 
sugar is manufactured from the carbon dioxide and some of the 
water. This sugar may be stored in the cells or changed into 
some other form of stored food ; or it may combine with elements 
from the soil and be stored as food ; or it may become incorporated 
in the protoplasm. Substances which are very different from 
protoplasm are thus taken into the protoplasm and then combined 
and made into protoplasm. 

2. Metabolism, The sum of the processes of chemical change, 
including the building up and oxidation of material within the 
protoplasm, is known as metabolism. One of the activities of pro- 
toplasm is the combining of sugar with elements from the soil to 
produce proteins which become a part of the protoplasm. This 
is a constructive process. Destructive processes also take place 
in the cells of plants as complex compounds are broken down with 
the liberation of energy. The protoplasm uses this energy in 
various activities, 

3. Growth and reprodiiction. The growth of protoplasm is due 
to changes within the protoplasm, while the growth of non-living 
things, such as ordinary crystals, is accomplished by the addition 
of layers on the outside. Reproduction is essentially the separation 
and growth of small portions of protoplasm derived from one or 
two parent organisms. Reproduction, therefore, is a form of 
growth. 
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4. Movement, Protoplasm has the power of moving and is 
frequently in motion. This motion of the protoplasm in a cell 
can be easily seen with the aid of a microscope. In some cases the 
motion is evident as an active streaming, while in others it manifests 
itself by changes in the shape and position of the protoplasmic 
masses. Fig. 12 shows three drawings, made at fifteen-minute in- 
tervals, of the same cell. The changes in the arrangement of the 
protoplasm are very evident. Protoplasm not only possesses the 
property of moving but it may also cause the motion of whole 



Fig. 12. Drawings, made at fifteen-minute intervals, of a cell from a hair of a 

squash plant 

Note the changes in the arrangement of the protoplasm. (X 180) 

organs or even organisms. This kind of movement is more evident 
in the case of animals than in plants, but is easily recognized in the 
case of sensitive plants and in leaves which fold together at night. 
We know also that the younger parts of many plants bend toward 
the light. Numerous small plants which live in water have the 
power of moving from place to place, just as is the case with 
animals. 

5. Irritability. The property of responding to external stimuli 
is known as irritability. A good example is afforded by the effect 
of various stimuli, such as heat or chemicals, on the movement of 
protoplasm. Moderate heat increases the rate, while low tem- 
peratures decrease it. Some chemicals accelerate it, while others 
have the opposite effect. The effect of a stimulus on protoplasm 
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may be evident in the movement of a whole organ, as when the 
leaves of a sensitive plant close as the result of contact or of heat, 
or when a stem or a leaf bends toward the light. 

Vacuoles. The larger part of the space within a mature cell is 
usually occupied by a vacuole. This is a clear space which contains 
water with small quantities of material dissolved in it. The prin- 
cipal use of vacuoles is, by enlarging the cell, to increase its absorb- 
ing surface ; besides this, water, food, or waste material can be 
stored in them. Vacuoles are not present in very young cells, but 
as the cell increases in size small vacuoles appear and then gradu- 
ally enlarge. As they increase in size they coalesce to form a single 
large vacuole, the volume of which is usually greater than that of 
the protoplasm. In a large cell the protoplasm occurs as a layer 
lining the cell wall, while in addition there may be strands stretch- 
ing across the vacuole. Fig. 13 shows a young cell without vacuoles, 
and stages in the formation and growth of the vacuole. 

Plastids. These are definitely shaped protein bodies embedded 
in the cytoplasm. There are several kinds of plastids, and they 
have different functions. Colorless plastids are known as leuco- 
plasts. Leucoplasts are often juvenile stages of other types of 
plastids. Amyloplasts are white plastids in which starch is stored 
(Fig. 51). Colored plastids are known as chromoplasts. In higher 
plants the most numerous and important of the chromoplasts are 
the chloroplasts, which are green bodies that are colored by chloro- 
phyll, The small black dots in Figs. 10, 19, and the oval structures 
in the cells in Figs. 17, 18, are chloroplasts. In the presence of 
sunlight, carbon dioxide and water in the chloroplasts are changed 
into sugar. There are various other types of chromoplasts. The 
red color of tomatoes and the yellow color of the petals of Tro- 
paeolum (nasturtium) are due to chromoplasts. Not all colors of 
flowers and fruits are due to chromoplasts, as such colors are fre- 
quently due to pigments dissolved in the vacuoles. Often there is 
no very sharp distinction between the various types of plastids. 
Thus, a leucoplast when exposed to the light may develop chloro- 
phyll and become a chloroplast, while in the tomato the chloro- 
plasts develop red pigment as the fruit ripens. 

Plastids grow and divide. Chloroplasts can be traced through- 
out the life cycle of some of the lower plants. In flowering plants 
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the various types of plastids go through stages in which they are 
very small and colorless, and it is uncertain whether they persist 



Fic. 13. Cells from an onion root 

The cell in the upper left-hand corner is a young one without vacuoles, while 
the others show various stages in the formation and enlargement of the 

vacuole. (X 800) 

throughout the stages of sexual reproduction or are formed dc novo 
in the cells of the developing embryo. 

The units of living matter. The cell is the smallest unit of 
living matter capable of continued independent life and growth, 
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but examination of a cell has shown that it is composed of a num- 
ber of different small units, all of which combine to carry on the 

varied activities of the 
cell. In later chapters we 
shall have occasion to 
study the structure of 
the small units which we 
have observed in the cell, 
and w^e shall find that 
some of them are in turn 
very complex and com- 
posed of different kinds of 
smaller units. Therefore, 
while the cell is the small- 
est unit of living matter 
capable of continued inde- 
pendent existence, it is 
itself a very complex struc- 
ture composed of many 
varied smaller units. 

In at least many cases 
the cells of higher plants are not absolutely independent, as the 
protoplasm of neighboring cells is connected by means of fine pro- 
toplasmic strands which run through perforations in the cell walls. 
When the walls are thin it is rather difficult to demonstrate these 
connections, but they are much more easily seen when the walls 
are thick. Such connecting strands are shown in Figs. 14 and 54. 



Fig. 14. Cells from the kernel of a fruit of a 
nipa palm {Nipa fruticans), showing proto- 
plasmic connections between adjacent cells 

The white areas represent thick cell walls 



CHAPTER IV 


THE LEAF 


A ?ea/ is a lateral outgrowth from a stem and is, typically, a 
thin, expanded structure with usually a green color (Fig. 15). 

While a number of important physiological processes take place 
in leaves, their principal function, and the one for which their 
structure is especially suited, 
is photosy 71 thesis. This is the 
production of sugar from car- 
bon dioxide and water in the 
presence of sunlight. This 
process takes place only where 
there is chlorophyll, which 
occurs in the chloroplasts. 

The sugar formed in photo- 
synthesis is the basis from 
which all the complex com- 
pounds found in plants are 
produced. The thin, expanded 
form of leaves is especially 
suited for photosynthesis, as 
light, which is necessary for 
this process, penetrates only 
a short distance into a plant. 

An increase in the thickness of leaves would require additional 
plant material without producing a corresponding increase in the 
rate of photosynthesis. 

Structure of leaves. Leaves (Fig. 15) are typically composed 
of a broad, expanded portion, the blade, which is the essential part ; 
a stalk, called the petiole, which is sometimes lacking ; the base, 
the part which joins the leaf to the stem ; and often a pair of 
etipyles, which are scalelike or, rarely, leaflike outgrowths from the 
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Fic. 15. Young leaves of mulberry 
{Morus alba) 

Stipules occur at the bases of all except 
the oldest ; here there is a scar showing 
where the stipule was located, (xj) 
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base. Frequently the stipules are temporary structures and drop 
off as the leaf matures (Fig. 15). 

Leaves are distinguished from stems by their origin, the leaf 
being the first lateral outgrowth from the stem (Fig. 113), while 
the branches grow in the axils of the leaves, that is, just above 
where the leaves are joined to the stem. Leaves are further dis- 
tinguished from stems by the fact that the grow th of a leaf is 
usually limited, while that of most stems is not ; that is, leaves 

reach a certain size and then 
cease to grow, while stems 
continue to grow in length 
as long as the plant lives. 

The blades of most leaves 
contain a narrow thickened 
structure w^hich is a continu- 
ation of the petiole and ex- 
tends from the petiole through 
the center of the blade to the 
opposite end (Fig. 16). This 
is the midrib. On both sides 
of the midrib there are lines 
which either are parallel with 
each other or form a net- 
work. These are veins. The 
midrib and veins contain con- 
ducting cells, through which 
w^ater, coming from the roots, 
is carried to all parts of the leaf, and food, manufactured in the 
leaf, is conducted to the petiole on its way to other parts of the 
plant. The midrib and veins are also important in giving stiffness 
to the leaves. Some leaves do not have a single midrib but have 
several large veins which serve the same purpose (Figs. 34, 38). 

Venation. The leaves of flowering plants show two very dis- 
tinct types of venation, that is, arrangement of the veins. In one 
type the veins are parallel (Fig. 16) ; in the other they form a net- 
work (Fig. 16), and are said to be netted. These two types of vena- 
tion are characteristic of the two great divisions of flowering plants, 
monocotyledons and dicotyledons. Monocotyledons are plants with 



Fig. 16. Venation of leaves 

Left, leaf of eggplant, showing midrib and 
netted veins; right, canna leaf with par> 
allel veins 
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one seed leaf, dicotyledons have two seed leaves. Parallel veins are 
characteristic of monocotyledons, and netted veins of dicoty- 
ledons, although some monocotyledonous leaves have netted veins. 


MICROSCOPIC ANATOMY OF LEAVES 


A leaf is composed of various groups of cells which are known 
as tissues. The different tissues are characterized by different 

types of structures and are 
fitted for different functions. 
In Fig. 17 is a section of a 
leaf dissected to show the 
different tissues and their 
arrangemept in the leaf. In 
the following paragraphs the 
different tissues will be de- 
scrilxid and illustrated. Re- 
ferring to Fig. 17 will make 
their relation to each other 
clearer. 

Epidermis. The leaf is 
covered on both surfaces by 
a single layer of cells, known 
as the epidermis (Fig. 18). 
The outer walls of the epi- 
dermis are usually thickened 
and impregnated with a waxy substance called ctUin. Walls that 
are impregnated with cutin are said to be cuiinized. Not only do 
the outer walls of the epidermis contain cutin, but their outer 
surfaces are frequently covered by a layer of cutin which is known 
as a cuticle. Water passes readily through cellulose, and so, if the 
outer walls of the epidermis were thin cellulose walls, their outer 
surfaces would be wet and water would evaporate from them in 
large quantities. The evaporation of water from plants is called 
transpiration. As the outer walls of the epidermis are thick and 
waxy, water does not pass through them readily, and the transpira- 
tion of water from the surface of the epidermal cells is greatly 
reduced, only very small quantities of water being lost in this 



Fig. 18. Cross section of a portion of the 
blade of a leaf. ( X 285) 
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manner. This restriction of transpiration is one of the most 
important functions of the epidermis. Another function is the 
prevention of the entrance of disease-producing organisms into 
the interior of the leaf. The epidermis also protects the soft inte- 
rior from mechanical injury. 

In the epidermis of the leaf 
are numerous small openings, 
the stomata. These are shown 
in Fig. 19, as seen in the sur- 
face of the epidermis. The 
small oval openings are the 
stomata ; the large, irregularly 
shaped cells are ordinary epi- 
dermal cells. A cross section 
of a stoma is shown in Fig. 18, 
in the lower epidermis. 

lOach stoma is surrounded 
by two kidney-shaped cells 
called gxmrd cells. Under cer- 
tain conditions these guard 
cells move in such a way as to 
open or close the stomata. The 
stomata allow for the exchange 
of oxygen and carbon dioxide 
between the cells in the interior 
of the leaf and the external atmosphere, and also permit the pas- 
sage of water vapor from the interior of the leaf to the outside air. 

Distribution of stomata. Stomata are usually found only in the 
lower epidermis, or much more abundantly in the lower than in 
the upper epidermis. This would seem to be explained in part by 
the fact that stomata in the lower surface are less likely to be closed 
by rain or by dust than arc those in the upper epidermis. In leaves 
which float on the surface of the water stomata occur only in the 
upper epidermis. Submerged plants have no stomata. 

Chlorench 3 rma. The parts of the leaf that lie within the epi- 
dermis and between the veins are especially suited^ to carrying on 
photosynthesis. The cells in this part of the leaf contain chloro- 
plasts, and are known as chlorenchyma cells (Fig. 18). 



Fig. 19. Surface view of epidermis of 
a dicotyledonous leaf 

The oval openings are the stomata. 
Each is surrounded by two kidney- 
shaped guard cells containing chloro- 
phists. The large irregular cells are 
ordinary epitlermal cells. An epider- 
mal hair Is shown at the left, (x 150) 
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Palisade chlorench3rma. The chlorenchyma is usually divided 
into two regions. The portion near the upper surface is generally 
composed of elongated cells wdiich are close together, with their 
longest axis perpendicular to the epidermis (Figs. 18, 30, 48). 
When we look at a section of a leaf, these cells have an appearance 
resembling a palisade. They are called palisade cells or pcdisade 
chlorenchyvia. The palisade chlorenchyma may consist of a single 
layer of cells or of two or more la^^rs. These cells, being near the 
upper surface of the leaf, are in a favorable position to receive sun- 
light, and their chief function is to carry on photosynthesis. Their 

elongated shape is favora- 
ble to this function, as the 
light in going through them 
does not pass through many 
cell walls. Between the pal- 
isade cells are small air 
s[)aces which are connected 
with larger spaces in the 
lower ptirt of the leaf, and. 
through these witli the sto- 
n\ata in the lower epider- 
mis. These air spaces make 
it possible for gases to dif- 
fuse to and from the pali- 
sade cells. In Fig. 20 is shown a section cut across the palisade 
layer in a plane perpendicular to the longest axis of the cells and 
parallel with the epidermis. This section shows very plainly the 
air spaces which extend up l>etween the palisade cells. 

The cells of the chlorenchyma contain a large central vacuole 
and a thin layer of protoplasm lining the wall. The chloroplasts 
are embedded in this protoplasm and are close to the cell wall. 

Spongy chlorenchyma. The lower portion of the chlorenchyma 
is known as spongy chlorenchyma and is usually composed of cells 
more irregular in shape and arrangement than the palisade cells 
(Figs. 18, 21, 30). Also, this region generally contains large air 
spaces. The cells of the spongy chlorenchyma contain chloroplasts 
and carry on photosynthesis, but they are not in as favorable a 
position for receiving light as are the palisade cells, and they have 



Fic. 20. Section of palisade of a leaf, cut 
parallel with the epidermis. ( X 425) 
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fewer chloroplasts. They are not, therefore, so important from the 
standpoint of photosynthesis as arc the palisade cells. On the 
other hand, the large air spaces that surround these cells are near 

the stomata and directly 
connected with them (Fig. 
18). There is therefore a 
much freer circulation of 
gases around these cells than 
around the palisade cells, 
with the result that they 
are better suited to the 
exchange of gases between 
the cells and the surround- 
ing atmosphere. The air 
spaces of the spongy chlo- 
renchyma are not isolated 
chambers but a series of in- 
tercommunicating passages. 
While it is customary to speak of the air spaces in the spongy 
chlorenchyma as though there were many of them, it would be just 
as correct to coasider many of them as forming a single large air 
space in which, in the case of the spongy chlorenchyma, the cells 
are loosely arranged. A good idea of the shape of these passages 
can be obtained by reference to Fig. 17 
and by comparing Fig. 18 with Fig. 21, 
which represents a section through the 
spongy chlorenchyma parallel with the 
epidermis. 

Owing to the fact that the ehloro- 
plasts are closer together in the palisiule 
chlorenchyma than in the spongy chlo- 
renchyma, the upper surfaces of many 
leaves appear to be Heeix^r green than 
the lower surfaces. 

Calcium oxalate crystals. The leaves and other organs of many 
plants contain conspicuous cr^^stals of calcium oxalate, which 
appears to be a waste product. The forms of the crj^stals are very 
diverse. One of the commonest is a compound crystal having the 



Fig. 22. Rosette crystal from 
cell in a leaf. ( X 730) 



Fic. 21. Section, cut parallel with the epi- 
dermis, through the sponjiy chlorenchyma 
of a leaf. ( X 125) 
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appearance of a rosette and known as a rosette crystal (Fig. 22). 
Another common form is a long, slender crystal, or raphide. Such 
crystals usually lie parallel to each other in a bundle, which ij 

4 

Fic. 23. Rapliides from leaves 

Left, taro (Colocaaia esadenta) ; right, I^istia stratiotes. (X 160) 

sometimes found in a special saclike cell (Fig. 23). In certain cases 
these cells have tapering end walls which are thin at the apices 
(Fig. 23) ; when the sacs are injured me- 
chanically, the raphides are shot through 
the thin points (Fig. 24). Certain kinds 
of raphides are very irritating and seem 
to afford some protection from animals, 
although nutny plants with raphides arc 
eaten by animals. At least in some cfises, 
the pain produced is due to the entrance 
of an irritating substance into the wound 
rather than to the raphides themselves. 

Baphides are destroyed by boiling, and 
so food plants containing them arc not 
irritating when cooked. 

Calcium carbonate (limestone) is much f'lc- 24. Ejection of raphides 
less abundant in plants than calcium 
oxalate. It is, however, deposited m 

some plants in the form of cystoliths (Fig. 25). The main body 
of ft cystolith is a cellulose extension of the cell wall in which the 
calcium carbonate is deposited in the form of fine granules. 
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The midrib. The functions of the midrib are to strengthen the 
leaf ; to convey food, manufactured in the leaf, toward the petiole ; 
and to carry water from the petiole to various parts of the blade. 
The midrib is composed of the tissues described in the following 
paragraphs. A tissue is a group of contiguous cells having the 
same general characteristics. Cross sections of midribs are shown 
in Figs. 26 and 28. 

Collenchyma. There are two ways in w^hich cells give strength 
to plant organs. In some cases the cell walls are very greatly 
thickened, and the thickened cell w alls give 
strength. This is true of the w ood of woody 
stems. Other cells become stretched by 
the water which is in them, and therefore 
are rigid. Such cells may serve to strengthen 
organs, (.'ells which are stretched by the 
water in them are said to he turgid. The 
rigidity derived from turgidity has some 
points of similarity to that of a hose full 
of water, or that of an automobile tire filled 
with air under pressure. 

In the center of the upper portion of the 
midrib, just below' the epidermis, there is 
usually a group of cells which give strength 
both by having thickened walls and by 
being turgid. A group of the same kind 
of cells usually occurs also just above the 
low er epidermis. These cells are known as collencnyma. In Fig. 26 
the collenchyma is show n iis a crescent-shaped layer around the 
lower part of the midrib and just within the epidermis ; also as a 
small group of cells extending into the projection from the upper 
surface of the midrib. In the section shown in Fig. 28 the collen- 
chyma is in the same position as in Fig. 26, but is less eyident 
because the walls are not greatly thickened. Collenchyma is com- 
posed of living cells w ith walls w hich are thickened at the angles 
where three or more cells come in contact w ith one another. This 
is clearly shown in Fig. 27. The thick places in the w^alls incre^ 
the strength of the cells, while the thin places allow for a more 
rapid transfer of materials from cell to cell than would take 



Fig. 25. Cystolith in leaf 
of India rubber tree. 
Ficus elastica, (After 
Sachs) 
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Fic. 26. Cross section of a miilrih of a leaf Uxora) 


On the left is a portion of the thin part of the Itlade, .showing upper and lower 
epidermis and chlorenchyma. e, epidermis; r, eollenchynm ; />, parenchyma; 
s, sclercnehyma ; ph, phloem; x, xylem. (x 1S5) 


place if the cell walls were thickened throughout. These cells are 
more or less turgid, and so give strength to the leaf in this way also. 



Fig. 27. Cross section through the 
epidermis and eollenchyma of a 
Coleus stem. ( X 24S) 


The weight of the leaf causes it 
to tend to bend downward, with 
the result that there is a tendency 
for the upper portion to be stretched 
and the lower portion compressed. 
The eollenchyma occurs, therefore, 
in those parts of the midrib in 
which there is the j^reatest need for 
strenji;theninK material. 

Parenchyma. The regions be- 
tween the eollenchyma cells and, 
the central portion of the midrib 
are occupied by parenchyma cells* 
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In Fig. 26 this parenchyma is shown as a ring of tissue which in 
the drawing appears to be lighter-colored than any of the tissues 



Fig. 28. Cross section of a miilrib and adjoining portion of thin part of the 
blade of coca leaf {Erythroxylon coca) 

e, epidermis; c, collenchyma; p, parenchyma; ph, phloem; x, xylem. (X 66) 



Fic. 29. Termination of veins in a le^f, as seen in a section cut parallel with 
the epidermis. ( X 425 ) 

touching it. This lighter appearance is due to the combination of 
the large size of the cells, the thin walls, and the absence of chloro- 
plasts. In structure the parenchyma cells are not specially modi- 
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fied for any particular function, but they perform all the general 
functions of cells to a limited extent. Parenchyma cells have thin 
walls, but on account of their turgidity they strengthen the mid- 
rib. That a considerable part of the stiffness of most leaves is 
due to the water in their cells can be readily demonstrated by 

means of leaves which 
have been severed from 
a plant. Such leaves 
continue to lose water 
by transpiration. As 
this water is not re- 
placed, the cells of the 
leaf w'ill contain less 
and less water and will 
lose their turgidity. 
We see the result when 
the leaf wilts and be- 
comes soft. 

Conducting system. 
The tissues composing 
the conducting system 
are situated near or at 
the center of the mid- 
rib. This system, as 
seen in cross section, 
usually has the form 
of a ring (Fig. 26), a 
crescent-shaped ring, a 
crescent (Fig. 28), or 
scattered patches, but 
may have other shapes. If it is in the form of a ring, paren- 
chyma cells are usually found within the ring (Fig. 26). The inner 
part of the ring is composed of xylem, which is conspicuous on ac- 
count of its having thick-walled cells. Xylem conducts water and, 
on account of its thick-walled cells, gives strength. The conducting 
elements of the xylem are long tubes composed of dead cells. 

The xylem ring is surrounded by a ring of phloem, which is 
composed of thin-walled cells (Fig. 26) and serves for the transpor* 



Fic. 30. Cross section of the thin part of a leaf 
(/xora), showing the connection of the chloren- 
chyma with a vein 

The vein is seen in the center as a compact group 
of cells, (X 215) 
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tation of food materials that come from the chlorenchyma of the 
leaf. When the xylem, instead of being in the form of a ring or a 
crescent-shaped ring, has the form of a crescent, the phloem may 
occur only below the xylem (Fig. 28) or 
may be both above and below it. 

The conducting system is better devel- 
oped in the stem than in the leaf and will 
be considered in greater detail in the chap- 
ter dealing with the stem. 

' Sclerench 3 mia. Thick-walled dead cells 
are frequently found scattered in the pa- 
renchyma just outside of the phloem (Fig. 
26). These are strengthening cells and are 
known as sclerenchyma. They are greatly 
elongated in the longitudinal direction of 
the midrib. Their position just exterior to 
the thin-walled phloem affords mechanical 
protection to the latter. 

Veins. The structure of large veins is similar to that of a mid- 
rib. The complexity of the structure decreases with the size of the 
veins until, near their ends, small veins consist of only one or 
a few conducting cells 
(Fig. 29). The cells of 
the chlorenchyma are 
usually arranged so that 
the conduction of mate- 
rials to and from the 
veins is facilitated (Fig. 

30). In Fig. 31 are shown 
the arrangement of the 
netted veins and the free 
ends of the veinlets in a 
small portion of a di- 
cotyledonous leaf. 

Vertical leaves. The leaves of many species of Eucalyplus do not 
spread out horizontally but hang vertically, so that both surfaces 
of the leaf receive direct sunlight. In keeping with this fact, pali- 
sade chlorenchyma is developed on both sides, as showui in Fig. 32. 



Fic. 32. Section of a vertical leaf of Eucalyptus^ 
showing a palisade layer on each side. ( X 275) 



Fic. 31. Arrangement of 
netted veins and the free 
ends of the veinlets in a 
small portion of a leaf of 
a lime (Citrus aurantU 
folia). ( X 6) 
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strengthening tissue to protect them from being torn. The huge 
entire blades of the banana (Fig. 37) show an interesting modifica- 
tion in that they are not greatly 
strengthened but instead have 
certain weak structural lines 
where the leaf can be torn by 
the wind without any particu- 
lar damage to the plant. 

Plants having unbranched 
stems must have large leaves if 
they are to expose an extensive 
surface to the light. In keep- 
ing with this fact we find that 
large palms and tree ferns have 
enormous leaves. On the other 
hand, plants with many small 
branches have small leaves. 

The general shape of leaves 
is related to their arrangement^ 
on the stem. When leaves are 
densely crowded they are usu- 
ally linear (long and narrow), 
and so shade each other much 
less than would broad leaves. When less crowded the leaves are 
more often somewhat oval in outline, and when still less crowded 
they are apt to approach a circular shape. 

When leaves are lobed, the lobing follows the large veins 
(Fig. 38), so that the photosynthetic tissue is nearer the princi- 
pal veins than would be the case if the leaves were entire. 

TRICHOMES 

Some of the epidermal cells of most plants grow out, singly or 
less frequently in groups, to form appendages which are known as 
trichomes or hairs. Frequently the trichomes lose their proto- 
plasmic contents and become filled with air. The young leaves of 
many plants have trichomes which are shed as the leaf becomes 
older. Cotton consists of long unicellular hairs which grow from 
the epidermis of cotton seeds. 



Fig. 38. Lobed leaf of papaya {Carica 
papaya). ( X i) 


The papaya is a small herbaceous trop- 
ical tree with melonlike fruits. They 
are among the most popular and widely 
used of tropical fruits. (See Fig. 293) 
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Trichomes exhibit a great variety of form and vary from small 
protuberances of the epidermal cells to complex branched multi- 
cellular structures (Figs. 39, 40). Even the simple unbranched 
hairs show great variety. Such trichomes may be unicellular or 
multicellular; they may be straight or curly, 
project straight from the epidermis or lie 
parallel with it. When they lie against the 
surface of the leaf and all point in the same 
direction, they produce a silky appearance. 
The methods of branching exhibited by the 
trichomes are very diverse. Among the most 
beautiful forms of trichomes are those known 
as scales. These are flat structures having 
short central stalks (Fig. 41). Scales are 
sometimes found so close together as to 
form an almost complete covering over the 

of Calltcarpa caudata. . ^ i i* 

^ X 50 ) surface of a leaf. 

A dense covering of dead trichomes has 
a tendency to restrict the rate of transpiration. The transpira- 
tion of a leaf in still air brings into being a layer of moist air 
around the leaf, and the diffusion of water from the leaf into 
this moist air is less rapid than the diffusion of water into dry 
air would be. When there is free movement of air around the 
leaf, wind will replace 
the moist air with drier 
air. A dense layer of 
trichomes tends to re- 
duce the movement of 
the air and so to lower 
the rate of transpira- 
tion. A great develop- 40^ views of stollate hair of 

ment of trichomes may Callicarpa erioclona, ( X 350) 

also, by producing a 

screen, reduce the heating effect of sunlight. Hairs are usually 
most numerous on the under, or stomata-bearing, surface of the 
leaf. While a dense covering of trichomes retards transpiration, 
the hairs of many leaves appear to be too scattered to have any 
appreciable effect. 
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A covering of hairs, by holding a layer of air near the leaf, may 
prevent water from reaching and clogging the stomata. When a 
leaf with such a coating of trichomes is sub- 
merged in water, the layer of air near the epi- 
dermis glistens with a silvery sheen. Although 
submerged, the epidenuis may remain dry for a 
considerable length of time. Even such short 
trichomes as those that are shown 
Fic. 41. Scale of in Fig. 48 may be very effective in 
Elaeagnus phihp- k(. 0 pii^g water from the stomata. 

While trichomes may restrict the 
rate of transpiration, they not only do not interfere 
with the diffusion of carbon dioxide into the leaf 
but may actually assist in keeping open a passage- 
way for this diffusion when the stomata might be 
clogged as the result of rain 
or dew. 

Bristlelike hairs. A num- 
ber of plants possess stiff, 
sharp- pointed, bristlelike hairs 
which readily penetrate the 
skin of man and produce very 42 . Brig- 
disagreeable effects. Some of tielike hair of 

the hairs of this type have cowitch (Mu- 
, , " , cunapruriens). 

barblike protuberances along ^ 3 q^ 

their sides (Fig. 42) ; these 
protuberances increase the irritating effect of 
the trichomes. Bristlelike hairs may afford 
protection to plants by preventing animals 
from eating the leaves, but comparatively few 
plants have hairs stiff enough to be very ef- 
fective in this way. 

Fic. 43. Slinging liair Stinging hairs. Stinging hairs (Fig. 43) are 
of a nettle (Lapottea one of the most interesting types of tri- 

”*^drawin chomes. A typical stinging hair contains a 

rawing poisonous liquid and consists of a basal bulb- 

shaped portion from which projects a stiff, slender, tapering 
structure that ends in a small knob or a sharp point. Near 
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the tip there is usually au oblique 
thin place in the wall, so that when 
the body of an animal or some other 
object is pressed against the tip 
with sufficient force, the tip is broken 
off, leaving a sharp point that can 
readily penetrate an animars skin. 
The wall of the rounded basal por- 
tion is distended by the pressure of 
the contained liquid, and it contracts 
when this pressure is removed by the 
breaking of the tip. This contrac- 
tion tends to force the fluid through 
the opening in the tip, so that an ani- 
mal into which the sharp point has 
stuck will be injected with the poison- 
ous fluid. The pressure of the animal 
against the hair also helps to force 
the liquid from the bulbous base. 

Glandular hairs. A great variety of 
plants have glandular hairs (Fig. 44). 
These secrete oil, resin, or mucilage. 
A typical glandular hair consists of a 
stalk and an enlarged terminal portion, 
which is the gland proper. This may 
be unicellular or multicellular. The 
strong odors of many plants are due 
to the excretions of glandular hairs. 



Fig. 44. Glandular hairs 

Left, water hyacinth; second 
figure, squash ; third figure, to- 
mato ; right, tobacco. ( y 200) 


CHAPTER V 


ASSIMILATION AND USE OF MATERIALS 

Assimilation includes processes by which an organism changes 
nutritive materials to the kind of substances of which it is com- 
posed, and processes by which these substances are incorporated 
into its body. Assimilation in one form or another takes place in 
all parts of a plant. The basic process on which all other assimila- 
tion depends is photosynthesis. Photosynthesis is carried on in all 
green parts of a plant ; but the leaves are the organs which are 
especially fitted for photosynthesis, and so it is convenient to 
consider assimilation in connection with the leaf. 

PHOTOSYNTHESIS 

Definition. Photosynthesis is the formation of sugar from carbon 
dioxide and water in the presence of light; it takes place only 
where there is chlorophyll, which is found in the chloroplasts. 

Source of material. The water used in photosynthesis is ab- 
sorbed by the plant roots and then carried to the leaves. The car- 
bon dioxide diffuses from the atmosphere through the stomata 
and then through the intercellular spaces. Carbon dioxide can- 
not enter the cells as a gas, but water from the cells permeates 
the cell walls of the chlorenchyma, and the carbon dioxide gas 
goes into solution in this water. As the water in the walls is con- 
tinuous with that in the cells, the carbon dioxide in solution 
in the cell walls diffuses into the cells and finally reaches the 
chloroplasts. 

Diffusion is always from the region of greater concentration to 
that of less concentration. The using up of carbon diqxide in the 
chloroplasts creates in the immediate vicinity a region where the 
concentration of carbon dioxide is low. This causes carbon dioxide 
to diffuse from the protoplasm and cell walls toward the chloro- 
plasts. In turn, carbon dioxide diffuses from the intercellular 
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spaces and goes into solution in the water in the cell wall. The 
result is that the concentration of carbon dioxide is less in the inter- 
cellular spaces than in the external atmosphere, and so there is a 
diffusion of carbon dioxide from the external atmosphere through 
the stomata into the intercellular spaces. The movement of carbon 
dioxide is, then, from the external atmosphere through the stomata 
into the intercellular spaces, into solution in the cell walls, then by 
diffusion into the protoplasm, and finally into the chloroplasts. 

Process. Photosynthesis is a very complex process concerning 
the details of which we have very little actual information. The 
first stable product seems to be some form of sugar. The various 
sugars have complex molecules, however, and it would not seem 
probable that one of them is the first compound formed. Various 
intermediate compounds are postulated by different theories, but 
none of these theories is supported by sufficient evidence to 
warrant its acceptance at the present time. As the result of the 
photosynthetic process, glucose (grape sugar), which has the 
formula ('^oHioOc,, accumulates in the leaf, and this is generally 
regarded as the first stable product. 

Tlie tlieorios which have been most widely held are Baeyer's hypothe- 
sis and modifications of it. Baeyer assumed that in the plant carbon 
dioxide was changed to carbon monoxide and ox>"gcn (CO2 — >■ CO -f O) ; 
and that the water was changed to hydrogen and oxygen (H2O — II2 -h O) . 
The carbon monoxide and hydrogen then united to form formaldehyde 
(00+112 — CII2O), after which six molecules of the formaldehyde 
were condensed to form a molecule of glucose (6 CH2O — y C6H12O6). 

A great objection to this theory has been that formaldehyde is ex- 
ceedingly poisonous. Attemj)ts have been made to meet this objection 
by assuming that formaldehyde is never present in an>i,hing except in 
very minute quantities, as it is condeiLsed immediately to form sugar. 
Also various complicated modifications of Baej^er's hypothesis have been 
proiK)sed. If Baeyer ’s hyjwthesis were true, it would afford a compara- 
tively simple explanation of the chemical changes taking place during 
photosynthesis. At the present time there are some authorities who 
maintain that formaldehyde is an intermediate product of photosynthesis, 
and others who claim that there is no evidence for this view. 

If we regard glucose as the end product of photosynthesis, 
the formula for this process may be written as follows : 

6 CO2 + 6 H2O — > C6H12O6 + 6 O2. 
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This formula shows not only that glucose is formed in photo- 
j^thesis, but also that oxygen is liberated as a by-product. 
Moreover, the formula indicates that the number of molecules 
of oxygen liberated is the same as the number of molecules of 
carbon dioxide absorbed. This is approximately what has been 
observed in actual experiments. 

The water and carbon dioxide that enter the reaction are very 
stable compounds, and the liberation of the oxygen requires 
energy. This energy is supplied by light, which' accounts for 
the necessity of light for photosynthesis. Light by itself does 
not, however, decompose carbon dioxide or water, so that the 
plant must have some means of applying the energy of light 
for this decomposition. The application of the energy of light for 
the separation of oxygen from carbon dioxide and water appears 
to be the function of the chlorophyll. 

In nature the light used in photosynthesis comes from the sun, 
but light from other sources can also be used. 

Chlorophyll. Chlorophyll is formed in flowering plants only in 
the presence of sunlight. This explains why the inside of the head 
of a cabbage is white ; it also explains the practice of banking 
celery in order to blanch it. Chlorophyll is not a single compound 
but a mixture of pigments including two green ones, chlorophyll A 
and chlorophyll B, and two brown ones, carotin and xanthophyll. 
Chlorophyll does not contain iron, but iron is necessary for the 
formation of chlorophyll. 

Products. The two products of photosynthesis are simple 
sugar and oxygen. The sugar manufactured by plants serves them 
as food, from which, with the addition of materials from the soil, 
they elaborate all the complex substances found in them. As 
photosynthesis is necessary for the manufacture of all the food 
used by plants, it is indispensable for their existence. 

Some of the oxygen liberated in photosynthesis is used by the 
plants in respiration, but most of it diffuses out of the cells into 
the intercellular spaces and then through the stomata into the 
external atmosphere. 

When photosynthesis is active, sugar is formed much faster than 
it is used by the leaf or conveyed to other parts of the plant. Under 
these conditions much of the sugar in the leaf is transformed into 
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starch, which is insoluble in water at ordinary temperatures. At 
night, starch is changed back into sugar and is conducted away from 



Fic. 45. Starch grains 

Upper row, potato and sago ; second row, wheat, rice, and com ; third row, 
bean and MararUa. (X 290) 

the leaf. Starch occurs as small grains which differ in appearance 
according to species (Fig. 45). The grains of many species show 
striations as if the material had been deposited in successive layers. 
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The amount of carbohydrate manufactured by plants varies 
very greatly with different plants and different conditions, but it 
has been calculated that as a rough average a plant will manu- 
facture at least one gram of sugar per square meter of leaf surface 
on a summer day. 

Demonstration. Starch is formed in leaves very soon after pho- 
tosynthesis begins. This is of great advantage in demonstrating 
the general facts of photosynthesis, as the test 
for starch is very simple. It consists in treat- 
ing the material to be tested with a solution 
of iodine, which gives starch a blue color. In 
working with leaves the chlorophyll is first ex- 
tracted, after which the leaves are placed in 
the iodine solution. 

The necessity of light for photosynthesis can 
be shown by keeping a leaf or a part of a leaf 
in the dark (being careful that all parts of the 
leaf have a plentiful supply of air) and then 
testing for starch. The leaf or the part of the 
leaf which was in the dark will remain white, 
while that which was in the light will turn blue 
(Fig. 46). 

The necessity for chlorophyll is shown by the 
fact that starch is not formed in those parts of 
variegated leaves which lack chlorophyll. 

Leaves will not produce starch in an atmos- 
phere that lacks carbon dioxide. If a plant is 
placed in an atmosphere containing a known quantity of carbon 
dioxide, it will be found that carbon dioxide is absorbed and that 
the carbon appears in the leaf in the carbohydrates formed as a 
result of photosynthesis. 

That water is used in photosynthesis is shown by the fact that 
the carbohydrates produced by this process contain hydrogen, 
which must have been derived from water. 

That oxygen is given off in photosynthesis can be shown very 
simply by the use of certain water plants which during photo- 
synthesis give off bubbles of gas. This can be collected by the 
arrangement shown in Fig. 47. If a glowing splinter is inserted 



Fig. 46. A leaf 
tested with iodine 
for starch after the 
part showing as a 
star and that out- 
side of the circle 
had been exposed 
to the light and the 
remainder kept in 
the dark 
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into the gas, the brightness of the glow is greatly increased, thus 
indicating a high percentage of oxygen. 

Relation to animals. Photosynthesis is the source of all the 
food of animals. Animals do not possess the power of manu- 
facturing food from simple inorganic compounds, but must ol> 
tain food that has already been 
elaborated. 

In respiration, animals take 
up oxygen and give off carbon 
dioxide, so that if there were no 
plants to separate oxygen from 
carbon dioxide, the supply of 
oxygen would be used up and 
animals cease to exist. 

From what has been said it 
will be seen that, indirectly, pho- 
tosynthesis furnishes man with 
the food he eats and the oxygen 
he breathes, and that it is also 
the source of his clothing and 
such of his other necessities as 
come from plants and animals. 

Supply of carbon dioxide. The 
rate of photosynthesis is influ- 
enced by various factors, among 
w' hich are the amount of carbon 
dioxide present, the intensity of 
the light, the temperature, and the amount of water present in 
the plant and in the atmosphere. 

The amount of carbon dioxide present in the air is fairly con- 
stant, and is about 0.03 per cent of the total gases of the atmos- 
phere. Under natural conditions the rate of photosynthesis is, 
therefore, not greatly influenced by any change in the concentra- 
tion of carbon dioxide. How’ever, the rate of photosjmthesis can 
be decreased or increased by artificially decreasing or increasing 
the amount of carbon dioxide. Growth in greenhouses has been 
considerably increased by supplying additional carbon dioxide. 
Doubling the amount of carbon dioxide available about doubles 



Fig. 47. Apparatus for collecting the 
bubbles of gas given off by a sub- 
merged plant during photosynthesis 
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the rate of photosynthesis. When plants are grown in heavily 
manured beds, part of the increased growth obtained is due to 
extra carbon dioxide furnished by the decaying material. Under 
natural conditions the amount of food which a leaf could produce 
is greatly lessened by the natural deficiency in the supply of car- 
bon dioxide. 

Light. As light furnishes the energy for photosynthesis, it 
would be natural to suppose the rate of photosynthesis would in- 
crease with increases in the intensity of light. This is true with 
low intensities. From very low intensities up to about one-fourth 
the intensity of full sunlight, there is steady increase in the rate of 
photosynthesis with each increase in intensity. Under natural 
conditions, further increases in the intensity of light are nothing 
like so effective. These further increases produce less and less 
increase in the rate of photosynthesis. The result observed is 
probably, to a considerable extent, due to the deficiency in carbon 
dioxide noted in the last paragraph. 

That plants are affected by the intensity of illumination is 
shown by the fact that many plants will not grow under the shade 
of others. When in shade, they cannot manufacture enough sugar 
to keep them alive. For this reason it is not advisable to grow 
crop plants too close together, as they then shade each other, with 
the result that the plants are not as vigorous as they should be. 

On the same plant the leaves which are fully exposed to the 
sun are thicker than those grown in the shade. This difference in 
thickness is of advantage, because when the light is strong suffi- 
cient light for photosynthesis will penetrate through a thicker 
layer of tissue than would be the case if the light were weak. 
Fig. 48 shows sections of two leaves from the same plant. The one 
on the right was fully exposed to the sun, while the other was more 
or less shaded. The leaves of many plants, if grown in different 
habitats, show much greater differences than those represented in 
this illustration. 

Utilization of light. Not all portions of the spectrum are equally 
efficient in promoting photosynthesis. The light which is most effective 
is the red. To a considerable extent photosynthesis is also due to the blue- 
violet part of the spectrum. This latter light is less effective than the red 
because it furnishes less energy. 
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In photosynthesis a leaf actually makes use of only a very small part 
of the light which reaches it. Calculations of this amount vary. One high 
authority has estimated that the amount is not over one per cent of the 
light received by the leaf. Large quantities of water are evaporated from 
the leaf in the process of transpiration ; energy is employed in changing 




Fig. 48. Cross section of a shade leaf (left) and of a sun leaf (right) of a rain 
tree (Enterolobium saman), ( X 485.) See Fig. 125 


this water into water vapor; perhaps half or more of the light which 
reaches the leaf is used up in producing this energy. A considerable pro- 
portion of the light that reaches a leaf is reflected from the surface or passes 
through the leaf and is lost. 

Temperature. Some plants may carry on photosynthesis at 
temperatures below zero centigrade. At such low temperatures 
the rate of photosynthesis is very low. With temperatures below 
about 10® C., increases in the temperature greatly increase the 
rate of photosynthesis. Increasing the temperature from ten to 
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twenty degrees centigrade about doubles the rate. In a very care- 
fully controlled experiment, increasing the temperatures from 
20° C. to 30° C. multiplied the rate of photosynthesis by 1.6. Prob- 
ably the best temperature for the average plant is between 25° C. 
and 30° C. 

Energy. In photosynthesis, energy derived from light is used 
in the liberation of oxygen. It is a fundamental principle in 
physics that energy is not destroyed, but that one form of energy 
may be changed to another, as when electricity is transformed into 
heat. The energy from the light that is used in photosynthesis is 
therefore not destroyed but is stored in the resulting products as 
potential energy. All that is necessary to release this energy is to 
combine the compounds resulting from photosynthesis with the 
amount of oxygen that was liberated in photosynthesis, and thus 
change them back into carbon dioxide and water. We may say, 
in general, that energy is used in separating oxygen from carbon 
or hydrogen, and liberated in combining oxygen with carbon or 
hydrogen. The combining of oxygen with another substance is 
known as oxidation. 

When we burn wood to produce heat or light, we make use of 
the fact that energy is liberated in oxidation. Wood is composed 
largely of compounds containing carbon and hydrogen. The 
burning of the wood is the oxidation of these compounds, with the 
production of carbon dioxide and water and the liberation of 
energy in the form of heat and light. The energy that is released 
is the energy that was derived from sunlight and stored in the 
process of photosynthesis. Coal consists of the remains of plants, 
and the burning of coal releases energy derived from sunlight and 
stored by plants in past geological ages. Oil is derived from plants 
or animals or their remains, and the energy released in the com- 
bustion of oil is also the stored energy of sunlight. We thus see 
that all the energy obtained by combustion and used for industrial 
purposes is the energy of sunlight stored by plants in the process 
of photosynthesis. 

Plants and animals use their food not only as building ma- 
terials out of which their tissues are constructed, but also as a 
source of energy. This energy, like that obtained by burning 
wood or coal, is liberated by oxidation. 
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ELABORATION OF PRODUCTS OF PHOTOSYNTHESIS 

The sugar produced by photosynthesis is the basis from which 
the plant elaborates all the organic materials of which it is com- 
posed. These include substances which take part in the actual 
building up of the plant, including the protoplasm and the cell 
walls, and also substances which are stored as reserve food ma- 
terials. The principal organic materials found in plants belong 
to three classes ; carbohy- 
drates, fats, and proteins. 

When a plant manu- 
factures more food than 
it needs for immediate 
use, the surplus is stored 
for future use. Food may 
be stored in certain parts 
of ordinary stems and 
roots ; in especially modi- 
fied stems, as in the potato 
and ginger; in modified 
roots, as in sweet pota- 
toes ; or in modified leaves, 
as in the onion. Seeds al- 
most always contain a 
large amount of stored 
food, which nourishes the 
young plants until they 
become established. Re- 
serve foods are stored as carbohydrates, fats and oils, and proteins. 

Carbohydrates. Carbohydrates are organic compounds com- 
posed of carbon, hydrogen, and oxygen, the hydrogen and oxy- 
gen usually being in the same proportion as in water. In general 
the natural carbohydrates contain in each molecule six, or some 
multiple of six, carbon atoms. The simple carbohydrates have a 
sweet taste and are known as sugars. 

The most important carbohydrates in plants are cellulose, of 
which cell walls are composed, and sugars and starches. The chief 
forms of carbohydrates in which food is stored are starches and 



Fic. 49. Section showing a few cells of a 
potato tuber 

The cells contain large and conspicuous 
grains of starch and a small amount of small 
granules of protein, (x 156) 
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sugars. Other storage forms of carbohydrates are hemicellulose, 
or reserve cellulose, and inulin. 

Sugars, The three sugars that are found most abundantly in 
plants are glucose (grape sugsir), fructose (fruit sugar), and sucrose 
(cane sugar). Glucose and fructose have the formula C6H12O6. 
They are thus composed of the same kinds of atoms in the same 

proportion, but the arrange- 
ment in the molecule is dif- 
ferent. The simplest natural 
sugars have this formula and 
are known as monosaccha- 
rides. Sucrose (C12H22O11) 
has twice as many carbon 
atoms and is a disaccharide. 
It may be regarded as com- 
posed of one molecule of 
glucose and one of fructose, 
which are linked together 
with the dropping out of 
one molecule of water. Su- 
crose is familiar as the or- 
dinary granulated sugar of 
commerce, which is obtained 
from sugar cane or sugar 
beets. Maple sugar also is 
sucrose. Glucose and fruc- 
tose are found in nearly all 
plants, and glucose is an in- 
gredient of a thick sirup which is made by treating starch with 
dilute sulphuric acid and afterward removing the acid. Such sirups 
are frequently called com sirups, because com starch is most 
commonly used in their preparation. As glucose and fmetose are 
in solution and have relatively simple molecules, they are good 
material for the building up of other substances or for the fur- 
nishing of energy. In some plants, as in the sugar beet and sugar 
cane, sucrose is the chief form in which reserve food is stored. 

. Starch, Starch is a polysaccharide having the general formula 
(C 6 HioOfi)n, in which n is a large number. Just as sucrose may be 



Fic. 50. Section of a few cells of mungo 
bean iPhaseolus radiatus) 

The cells contain large and conspicuous 
grains of starch and small granules of 
protein, (x 270) 
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regarded as the union of two monosaccharide molecules with the 
elimination of one molecule of water, so starch may be regarded as 

the union of many monosac- 
charide molecules with the loss 
of water. Starch is insoluble 
in cold water, and occurs in 
plants in the form of grains 
(Figs. 45, 49, 50). Starch grains 
from different plants have dif- 
ferent shapes and configura- 
tions. Owing to this fact it is 
possible to identify starches by 
the use of a microscope. The 
grains of starch are found in 
amyloplasts (Fig. 51). Starch 
is formed from sugar, and can 
easily be converted into sugar 
either in plants or in a chemical laboratory. The storage of car- 
bohydrates in the form of starch has the advantage that the 
starch is insoluble and therefore does not produce excessive 
osmotic pressure. 

Inulin, Inulin, like starch, 
is a polysaccharide and belongs 
to the general class of starches. 

In some plants, especially the 
Composiiae, inulin occurs in 
considerable quantities. Inulin 
is soluble in water and occurs 
in plants in solution. It can 
be precipitated by alcohol, 
when it forms characteristic 
spherocrystals (Fig. 62). After 
being extracted from plants it 52 , Spherocrystals of inulin in 

is a white powder like starch cells of dahlia root. ( x 304) 

in appearance. 

HemiceUvlose. In some seeds food is stored in thickened ceU 
walls in the forms of hemicellulose, or reserve cellulose. Food is 
stored in this form, however, much more rarely than as sugar 





Fig. 51. Single grain of potato starch 
within an amyloplast (left) and amy* 
loplast with grain of starch removed 
(right). (X 765) 
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or starch. Reserve cellulose is found in some palm seeds and also 
in the seeds of some other plants (Figs. 14, 53, 54). 

Cellidose. Cellulose is a carbohydrate with a general formula 
similar to that of starch ; that is, (C 6 Hio 05 )n* However, the atoms 
are arranged differently in the molecule, and starch and cellulose 
have very different properties. In the plant, cellulose is made 
from sugars. It serves as building material in the formation of the 
cell wall. There is no evidence that plants can convert true cellu- 
lose into a soluble form. There are, however, bacteria which can 

do this. 

Fats and oils. The natural 
fats and fatty oils in plants 
and animals all belong to the 
same general class of com- 
pounds and are composed of 
glycerin (CaHsCOH);^) in com- 
bination with organic acids. 
Glycerin has three OH groups 
which can be replaced by acid 
radicals. In natural fats all 
three groups are replaced, so 
that the natural fats are tri- 
glycerides. Fats are composed 
of carbon, hydrogen, and oxy- 
gen, and are characterized by a small percentage of oxygen, as 
may be seen from the formulas of such common fats as stearin 
(CsTHnoOti), palmitin (CsiHogOo), olein (C 57 H 104 OG), and lino- 
lein (CstHqsOg). Owing to the very small percentage of oxygen 
contained in fats, the oxidation of fats produces large amounts 
of energy. More energy is obtained by oxidizing a given volume 
of fats than by oxidizing a similar volume of any other known 
kind of compound that is found in either plants or animals. 

Fats may be solid or liquid (oils), according to the temperature. 
Fatty oils occur in plants in the form of globules (Figs. 55-58). 

Proteins. The proteins are the most important group of com- 
pounds found in plants, as they constitute the active matter of 
protoplasm, and the chemical phenomena of life processes are 
associated with them. 



Fig. 53. Thickened walls of hemicellu- 
lose from betel-nut palm seed. ( X 140) 


Fig. 55. Cells of endosperm (meat) of coconut 

Left, cut parallel with the siu-face of the meat (x 290) ; right, cut perpendicular 
to the surface of the meat (x 185). The large globules are oil and the small 

granules are protein 
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Proteins are exceedingly 
complex compounds, as will 
be seen from formulas which 
have been calculated for such 
representative proteins as zein 

(C736H1161N184O208S3) 
from Indian com ; gliadin 
(C685H1068N196O21 1S5) 
from wheat ; casein 

(C708H1130N180O224S4P4) 
from milk. The proteins con- 
tain carbon, hydrogen, oxygen, 
nitrogen. Other substances, 
such as sulfur and phosphorus, 
are also found in some proteins. 
Proteins are not only the prin- 
cipal constituents of proto- 
plasm but, in the form of solid granules, are frequently found in 
plants as reserve food material. 

Proteins are formed by a 
rearrangement of the atoms 
of carbohydrates with the ad- 
dition of nitrogen, commonly 
sulfur, and sometimes phos- 
phorus. Proteins are divided 
into two classes, simple prote- 
ins and conjugated proteins. 

The simple proteins are made 
up of about twenty substances 
known as amino acids. These 
are in themselves very com- 
plex, and a molecule of pro- 
tein contains many molecules 
of amino acids. Amino acids 
are peculiar in that they have 
both basic and acid properties. 



Fig. 57. Cells of Inmbang nut 

The granules are protein. Note how the 
oil fills the cells. Lumbang is a fair-sized 
tropical tree. The oil has much the 
same properties as linseed oil. (x 265) 



Fig. 56. Cells near the outer part of the 
cotyledon of peanut 

The large globules are oil; the white 
bodies, starch grains; the small dark 
granules, protein ; and the knoblike 
thickenings on the walls, hemicellulosc. 
(X 225) 
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The proportion of the different amino acids in different proteins 
varies; and some proteins lack amino acids found in other pro- 
teins. Animal proteins are better for human food than plant pro- 
teins because the amino acid content of animal proteins is more 
like that of human proteins than is the amino acid content of 
plant proteins. Some plant proteins lack entirely some of the 
amino acids which are essential for the building of human proteins. 

Conjugated proteins arc pro- 
teins which are united with 
other material. The proteins 
in the nucleus are mostly nu- 
cleoproteins. These are com- 
pounds of nucleic acid and pro- 
teins. Nucleic acid is a very 
complex compound and con- 
tains phosphorus. 

Plant materials as human 
food. The sugars, starches, fats, 
and proteins which are stored 
in plants are also used as food 
by man and animals. The fats 
and carbohydrates are sources 
of energy. In man they may 
be digested and then stored as 
fat. They are not used iis body- 
building material, as the human 
organism cannot build proteins except from proteins. Plant pro- 
teins serve human beings as sources of both energy and body- 
building material. People need much more protein if taken in the 
form of plant proteins than if consumed as animal proteins. This 
is because, as mentioned above, some of the amino acids which 
are necessary to human nutrition and cannot be manufactured 
in the human body are lacking in some of the plant proteins, and, 
moreover, the proportion in which amino acids occur in plant pro- 
teins is not as favorable for human nutrition as the proportion 
in animal proteins. The parts of plants which furnish the greatest 
amount of food are the storage organs where the plant has stored 
food for the use of itself or its progeny. Most seeds are rich in 



Fic. 58. Cells from seed of Croton 
tiglium with large, rounded oil glob- 
ules and irregularly shaped protein 
granules. ( X 450) 
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reserve food material, and seeds furnish most of the energy foods 
of a large part of the human race. Food in seeds, however, is not 
always in a form suitable for human use. This is true of date and 
persimmon seed, where the food is stored largely as hemicellulose. 
Other seeds contain poisonous materials or substances which render 
them unpalatable. Fruits usually contain less nutritive material 
than seeds ; here the food is stored to attract animals which scat- 
ter the seed, and not for the use of the plant itself. 

People need large quantities of calcium and iron. These are 
found in vegetables and fruits ; they are particularly abundant in 
green leafy vegetables, and very much less abundant in blanched 
leaves. In their importance as sources of calcium and iron the 
green leafy vegetables rank first, other succulent vegetables second, 
and fruits third. 

Vitamins. Plants are very excellent sources of vitamins. Vitamins 
are substances which are very essential in animal and human nutrition. 
In most cases, if not in all, the vitamin or a substance which is readily 
converted into vitamin is manufactured by plants, and cannot be manu- 
factured in the animal body. There are several vitamins which are very 
widely distributed in plants and in which human diet may be deficient. 
Vitamins are usually distinguished by letters. Plants are excellent sources 
of vitamins A, B, C, and G. Vitamin A is formed from carotin, one of the 
pigments of chlorophyll. It is generally regarded as essential for giving 
immunity against infection and for the prevention of certain types of eye 
trouble. As carotin is one of the pigments of chlorophyll, it follows natu- 
rally that the green leafy vegetables are excellent sources of vitamin A. 
The color of many yellow or highly colored vegetables and fruits, such as 
carrots, yellow corn, yellow sweet potato, tomatoes, cantaloupes, oranges, 
and pineapples is to a considerable extent due to carotin, and these are 
good sources of vitamin A. Vitamin B is necessary for normal growth. 
It is known as the antineurotic vitamin, and a deficiency results in the 
disease called ” beriberi.” Vitamin B is very widely distributed in both 
vegetable and animal products, but is insufficient in polished cereals. 
Beriberi is found chiefly in the Orient among people whose diet consists 
largely of polished rice. Vitamin C is necessary for the normal functioning 
of the body, and deficiency results in scurvy. This vitamin is abundant in 
many fruits and vegetables, but is destroyed to a considerable extent by 
cooking in the presence of oxygen. This is one of the reasons that fresh 
fruits are valuable, as they contain vitamin C and they are eaten without 
cooking. Vitamin G is widely distributed in fruits and vegetables. It is 
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necessary for normal growth and well-being, and a considerable deficiency 
results in the disease known as pellagra. A pronounced deficiency of a 
vitamin results in a specific disease. A lesser deficiency may result in a 
decrease in well-being without producing very pronounced symptoms. 
The actual amounts of vitamins present in plants are small. The amount 
needed by men and animals is correspcjndingly small. Small amounts have 
very pronounced effects. There is practically no evidence as to the role 
played by vitamins in the activity of a plant. 

DIGESTION 

Food stored as starch, cellulose, fatty oil, or protein is not 
soluble in water, and so must be converted into a soluble form 
before it can be used by plants or transported from one part of 
a plant to another. This conversion is accomplished by substances 



Fig. 59. Stages in digestion of starch grains of barley by diastase 


known as enzymes, which belong to the general category of cata- 
lysts. Catalysts are substances which change (usually accelerate) 
the rate of a reaction. Owing to the fact that a reaction w^hich is 
accelerated by an enzyme might take place so slowly without the 
enzyme as to be imperceptible, it is customary, in order to avoid 
the use of cumbersome language, to speak of an enzyme as acting 
on a substance rather than as accelerating the rate of a reaction. 

Enzymes, like other catalysts, are characterized by not being a 
part of the initial substance in the reaction or of the final product, 
by not changing in the reaction, by influencing a change in a rela- 
tively great volume of the reacting substance, and by accelerating 
the effect in direct proportion to the amount of catalyst present. 

As an example of inorganic catalysts we may mention spongy 
platinum, which accelerates the oxidation of sulphur dioxide in 
the manufacture of sulphuric acid. Another example is finely 
divided nickel, which is used in the commercial hydrogenation of 
oils. By this means many liquid oils are turned into solid fats. 
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Plants contain many different kinds of enzymes, and each 
enzyme acts on only one substance or on a group of similar sub- 
stances. The best-known reactions that are accelerated by enzymes 
are those in which complex substances are split into simpler ones. 
It is known in some cases, however, that a given enzyme can 
accelerate a reaction in either direction ; that is, the enzyme which 
splits up a complex substance can also influence the reverse proc- 
ess of the building up of the same complex substance. 

For simplicity we will mention only a few of the many known 
enzymes. Diastase converts starch into sugar, so that the action 
of this substance changes an insoluble substance into a soluble 
one (Fig. 59). Invertase changes cane sugar into glucose and fruc- 
tose. Lipase breaks up fats into their components, glycerin and 
fatty acids. Papain splits proteins into amino acids. 

Enzymes are just as important in animals as in plants. The 
process of digestion could not l)e carried on in their absence. 

The chemical composition of enzymes is entirely unknown, and 
they can be recognized only by their action ; but, since many of 
them have been prepared as dry powders, they may be regarded 
as chemical compounds the composition of which we may hope to 
know some day. 

Enzymes are colloids, and, like colloids in general, are unstable. Tem- 
perature affects enzymic action in much the same way as it does vital 
processes. Very little enzymic activity takes place at ternjieratures around 
0®C. At favorable temperatures, the rate of enzymic activity is about 
doubled with an increase in temperature of 10° C. The optimum tem- 
perature for enzymic activity is usually between 45°C. and 50°C., and so 
is higher than that of vital activities such as growth. Heating to 70® C. 
destroys enzymes. 

ASSIMILATION IN HETEROTROPHIC PLANTS 

Plants which manufacture their own food are autotrophic plants. 
There are various types of algae which have pigments in addition 
to chlorophyll and are also autotrophic ; that is, they manufacture 
their own food. In addition there arc autotrophic bacteria. Some 
of these obtain energy by oxidizing inorganic substances. The 
processes concerned will be discussed in the chapter on bacteria. 

Many plants lack chlorophyll and are dependent on organic 
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compounds as a source of food material and energy. Such plants 
are heterotrophic. They are saprophytes (Fig. 9) when they obtain 
their nutriment material from dead organic matter, and parasites 


(Figs. 7, 8, 60, 61, 62) when 
they subsist on living plants 
or animals. The nutrition of 
heterotrophic plants is often 
not very different from that 
of the colorless parts of green 
plants which must obtain 
their food from the green 
portions of the plant. 

Saprophytes. Saprophytes 
include a very large num- 
ber of mushrooms and 
molds. When green plants 
use food stored in them, 
this food is first converted 
into soluble form by en- 
zymic action. The enzymes 
concerned are secreted with- 
in the tissues of the plant 
itself. Saproph^'tes, such as 
molds, excrete enzymes into 
the medium in which they 
grow and in this way con- 
vert insoluble materials into 
soluble ones which they can 
absorb. Most saprophytes, 
when supplied with energy- 



producing materials, can Cuscuta. a parasitic vine 


utilize simple inorganic ni- 
trogenous compounds for 
the building up of proteins 
just as green plants do. 


The stems produce haust or iji that enter the 
host and absorb water and food material, 
'rhesc haustoria are regarded as roots by 
some authorities. (X 1) 


Some bacteria require nitrogen in organic form, and these are 
very like animals in their nutrition. On the other hand, "there 


are certain tj’pes of bacteria which can utilize the nitrogen of 
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the atmosphere. These plants are exceedingly important from the 
standpoint of agriculture and will be discussed later. 



Paradtes. Many 
parasites live much as 
do saprophytes except 
that they are attached 
to living organisms 
from which they ob- 
tain food. Figs. 60, 61 
show the relation of 
the well-known para- 
site Cuscvla (dodder) 
to the host. The stem 
produces haustoria 
which enter the host. 
In Fig. 61 it will be 
seen that the cells of 
the haustorium are be- 
tween the phloem and 
the xylem of the stem 
of the host, and so are 
in a favorable position 
to absorb both food 
and water. The xylem 
of the haustorium is 
in contact with that of 
the host. It can be 


Fic. 61. Section through haustoria and portion of recognized by the spi- 
host of Ciucuta (sec Fig. 60) ral thickenings on the 

Note that cells of the haustorium arc between walls. Some plants, 
the xylem and the phloem of the host, and that the ^ tjjg mistletoe 

xylem of the parasite is in contact with tliat of , 

the host. (X70) 8), are abun- 

dantly supplied with 

chloroplasts, and their chief dependence on the host is for water, 
though they must also depend on it for those other elements which 
autotrophic plants derive from the soil. Such plants are known a» 
hemiparasites. 
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Fig. 62 . Development of Balanophora, a parasite growing on the roots of 

other plants 

When the germinating seedling of the parasite reaches the host, it develops a 
large tubercle (A), and the cortex of the root of the host is destroyed where the 
tuWcle is in contact with it. The wood becomes broken up and the strands 
separated from each other. The tissues of the parasite penetrate between those 
of the host to such an extent as to make it difficult to distinguish between host 
and parasite. The development of the parasite results in the death of the root 
of the host beyond the [)oint of attachment (B), The flowering shoots of the 
parasite develop within the tubercular grow^th and, in expanding, break 
thix>iigh it. C shows a section of t he tubercular growth enclosing two developing 
flower shoots. The rounded structures at the ends of the shoots are flower 
heads. D and E show more advanced flower shoots. (After Kienholz) 

INSECTIVOROUS PLANTS 

There are several genera of flowering plants which have leaves 
that catch insects and other small animals and absorb nutriment 
material, particularly nitrogenous substances, from them. In some 
cases the captured animal is decomposed by bacteria, in others it is 
digested by the enzymic action of digestive fluids secreted by the 
leaves themselves. All these plants are provided with chloroplasts, 
and probably all of them can live in a purely autotrophic manner 
when animal food is not available. 

Pitcher plants. The pitcher plants have their leaves modified 
mto pitchers in which water collects. The best-known pitchers 
belong to the temperate-zone genus Sarracenia (Figs. 63, 64) and 
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the tropical genus Nepenthes (Fig. 65). The species of Sarracenia 
are rosette plants; that is, the leaves arise in a cluster from a 
very short stem. The species of Nepenthes are vines on which the 
pitchers are borne at the ends of long, tendril-like leaves. Insects 
are drowned in the water in the pitchers. In the pitchers of the 
genus Sarracenia the insects are decomposed by the action of 
bacteria, while the pitchers of the genus Nepenthes excrete a diges- 



Fic. 63. SarracenM, a pitcher plant, showing flowers Fic. 64. Pitcher leaf of 

and pitcher leaves. Modified after Barton Sarracenia, ( X j) 

tive fluid. After the insects are decomposed, the products are 
absorbed by the leaves. The pitchers of Nepenthes frequently 
collect so much clear water that it can be used by people for drink- 
ing. In such cases it would seem probable that the leaves not only 
furnish the plants with materials from the bodies of the captured 
insects but also with water. 

Sundews. The sundews (Drosera spp.) are small plants which, 
have their leaves arranged in the form of a rosette (Fig. 66). These 
leaves are thickly covered with glands which are borne on slender 
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stalks (Fig. 67). These glands excrete a sticky fluid in which insects 
become entangled when they come in contact with the leaf. After 
an insect has been captured in this manner, the leaf encloses it 
while the glands excrete a fluid which digests the insect. The 
digested material is then absorbed by the leaf. 

Venus’s-fljrtrap. The Venus's-flytrap {Dionaea muscipula) is 
also a small rosette plant (Fig. 68). The petiole is expanded into 



Fig. 65. Pitcher leaf of 
Nepenthes, ( X i) 



( X J) 


a bladelike structure which serves for photosynthesis. The blade 
is specially fitted for capturing insects. It consists of two valves, 
each of which bears upon its upper surface three short, rather stiff 
bristles. Mechanical contact with these bristles causes the two 
valves to close together. When an insect alights on the blade and 
brushes against these bristles, the leaf closes and thus entraps the 
insect. The glands on the surface of the blade then excrete a fluid 
which digests the insect, after which the digested material is 
absorbed and the leaf opens. 
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Utricularia. Plants of the genus Utricularia, some of which are 
submerged aquatics, are provided with bladders that entrap small 
animals in very much the same way as an ordinary trap catches a 



Fic. 68. VennsVflytrap (Dionaea muscipula), ( X {) 


length of time, and it is probable that some of the products of their 
excreta are absorbed by the plant. They finally die and are de- 
composed by the action of bacteria. Nitrogenous products, which 
can be absorbed by the plants, are thus liberated. 
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Some species of Utricularia live in water (Figs. 69, 70), while 
others grow on a very moist substratum (Fig. 71). The latter have 
aerial shoots which bear flowers. In some forms there are ordinary 
leaves near the base of the plant, and also structures (Fig. 71) 
which are morphologically leaves but which have the appearance 
of horizontal branches and bear leaflike outgrowths and also 



Fig. 69. Utricularia 

Left, portion of a plant (x 1) ; upper right, an animal-catching bladder (X 5) ; 
lower right, section of animal-catching bladder (x 5) 

animal-catching bladders. These branchlike leaves serve the pur- 
poses of roots, l)oth in anchoring the plant and in absorbing water. 

There are other forms of carnivorous plants, but those already 
mentioned will give some idea of the diversity of leaf structures 
used in capturing small animals. 

Similarity to animals. Some carnivorous plants have properties 
which are usually regarded as characteristic of animals. The case 
of Dionaea is particularly striking. This plant is able to respond 
to stimuli by movement, to excrete a digestive fluid and to digest 
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animals, and then to absorb the products of digestion. Such cases 
serve to emphasize the fundamental similarity between ftnimnln 
and plants. 
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Fig. 71. A Vtricularia that lives on a very moist substratum 

The horizontal stemlike structures are modified leaves which bear leaflike out- 
growths and animal-catching bladders and function as roots, (x 1) 

RESPIRATION 

Definition. The oxidation by plants or animals of compounds 
containing carbon and hydrogen to carbon dioxide and water, with 
the liberation of energy, is known as respiration. 

Importance. The value of the process lies in the fact that it 
releases the energy of sunlight which was stored by the leavps in 
photosynthesis, so that this energy may be used for the vital activ- 
ities of the plant. 

All work requires energy. Moreover, the energy must be in a 
form suitable for the performance of the particular kind of work 
to be done. In the flowing of water in a large waterfall a tremen-* 
dous amount of energy is expended. This energy can be used for 
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cooking or illuminating, but in order that this may be done the 
form of the energy must be changed to heat or light. 

In the activities of a plant, work is performed; and, like all 
other work, this requires energy. The green parts of plants use 
the energy of sunlight for photosynthesis, but energy as it occurs 
in light is not in a form that can be used for such vital processes as 
growth, movement, etc. It becomes converted into suitable form 
for these processes, however, when, after being stored in photo- 
synthesis, it is released by respiration. 

In this way not only is the energy of sunlight changed to a form 
in w'hich it can be used for the general vital activities of the plant, 
but, moreover, any excess which is stored in the products of photo- 
synthesis and not needed at the time may be conserved for use 
when it is required. 

Process. Respiration is not a particular function of any plant 
organ but is carried on by all living cells. In this process oxygen 
is combined with compounds containing carbon and hydrogen. 
This results in the breaking down of the compounds to form carbon 
dioxide and water, and in the liberation of energy. 

If sugar is the compound that is being oxidized, we may write 
the formula for respiration as follows : 

C6H12O6 + 6 O2 — > 6 CO2 + 6 H2O. 

If we compare the above formula with that previously given 
for photosynthesis, we find that one is the reverse of the other, 
which is in keeping with the fact that photosynthesis stores energy, 
while respiration releases it. 

This oxidation process is carried on at ordinary temperatures. 
The oxidation at such temperatures is due to the activity of oxidiz- 
ing enzymes. 

Source of oxygen. In leaves that are carrying on photosynthe- 
sis, oxygen which is liberated by this process is used in respiration. 
If photosynthesis is rapid, however, more oxygen is liberated 
than is used in respiration, and the excess diffuses from the cells 
into the intercellular spaces and thence into the external atmos- 
phere. This is the case under ordinary conditions in bright light.- 

Plant organs which do not contain chlorophyll, such as petals 
and roots, obtain oxygen from the air. The same is true of leaves 
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when they are in the dark and so are not liberating oxygen by 
means of photosynthesis. In this case oxygen in the intercellular 
spaces goes into solution in the water held in the cell wall. It then 
diffuses in this water until it enters the protoplasm, w’here it can 
be used for respiration. 

Fate of products. The water produced by respiration mixes 
with the water of the cell. 

In the case of organs without chlorophyll or of green organs in 
the dark, the carbon dioxide diffuses out of the cell into the sur- 
rounding atmosphere. In green tissues which are actively carry- 
ing on photosynthesis most of the carbon dioxide will be used in 
photosynthesis without leaving the cell in which it is produced. 

From the above it will be seen that when a plant organ, from 
lack of chlorophyll or light, is not carrying on photosynthesis, it 
will, owing to respiration, absorb oxygen and give off carbon 
dioxide. When photosynthesis is active in green tissues, more 
oxygen is liberated by photosynthesis than is used in respiration, 
and more carbon dioxide is employed in photos^mthesis than is 
produced by respiration, with the result that these tissues will 
absorb carbon dioxide and give off oxygen. 

Whether leaves in light give off carbon dioxide or oxygen will 
naturally depend on whether more carbon dioxide is produced by 
respiration or is used in photosynthesis. With very feeble light 
the re.spiration of leaves may produce more carbon dioxide than is 
used in photosynthesis, and so the leaves absorb oxygen and give 
off carbon dioxide even when they are perfonning photosynthesis 
slowly. On an average day, however, the products of photo- 
synthesis must be built up in the green tissues much more rapidly 
than they are broken down by respiration. A surplus must be 
accumulated to supply material for the respiration of the organs 
lacking chlorophyll, and also for the respiration of the green tissues 
themselves at night. In addition, building material must be pro- 
duced for the growth of the plant body. 

Demonstration. If germinating seeds are inclosed in a vessel 
containing ordinary air, it will be found that the oxygen is ab- 
sorbed and replaced by carbon dioxide. The same phenomenon 
can be shown by using green plants if they are kept in the dark. 

A very simple method of demonstrating the exchange of gases 
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in respiration is that shown in Fig. 72. A few germinating seeds 
are placed in the bottom of a test tube and held in place by a small 
amount of cotton. The test tube is then in- 
verted over a solution of potassium hydroxide. 
The carbon dioxide that is given off by the seeds 
is absorbed by the solution, so that as oxygen is 
taken up the solution rises in the tube. This 
experiment can be checked by placing germi- 
nating seeds in another tube and inverting the 
tube over mercury, which does not absorb car- 
bon dioxide. The mercury will not rise in the 
tube, because the oxygen that is taken up by 
the seeds is replaced by carbon dioxide, and, 
as the latter is not absorbed by the mercury, 
the volume of gas is not de- 
creased. A green leaf can be 
used in place of the seeds in 
this demonstration if the prep- 
aration is kept in the dark. 

Heat is produced by respira- 
tion. This can be demonstrated by the arrange- 
ment shown in Fig. 73. A vacuum flask is 
partially filled with genninating seeds. A vial 
containing potassium hydroxide is also placed 
in the flask to absorb carbon dioxide. A ther- 
mometer is then inserted through the mouth so 
that the bulb is among the seeds. The mouth is 
now plugged with cotton, which allows air to 
enter the flask. The heat produced by respira- 
tion causes the mercury to rise in the ther- 
mometer. This experiment should be checked 
by setting up a preparation similar to the one Fic. 73. Apparatus 
just described except that the genninating seeds for demonstrating 
are replaced by dead ones. In the latter case the keat 

thermometer will not show a rise in temperature. respiration 
Respiration in plants, and animals. Respiration is fundamen- 
tally the same process in both plants and animals, and consists 
essentially in the liberation of energy by the oxidation of com- 




Fig. 72. Method of 
demonstrating res- 
piration of seed 
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pounds containing carbon and hydrogen. The methods by which 
oxygen enters the body and carbon dioxide leaves it are very 
different in the higher groups of the two kingdoms ; these processes, 
however, are only incidental to the fundamental one of oxidation. 
Also, the methods by which the materials to be oxidized are ob- 
tained are very different in green plants and in animals. The 
plants themselves manufacture these materials, while animals 
must obtain them, either directly or indirectly, from plants. These 
processes are, however, not a part of respiration. 

Respiration is equally essential in plants and animals, as it is 
the source of energy for vital activities. When respiration ceases, 
there is no further supply of energy for these activities, and death 
ensues. 

Oxygen supply. Since respiration is a process of oxidation, a 
plentiful supply of oxygen is one of the prerequisites for normal 
respiration. If the supply of oxygen is inadequate, respiration will 
be checked, and this will limit the rate of vital activities, such as 
growth, which are dependent on the energy liberated by respiration. 

Plants will live for a time in an atmosphere that does not con- 
tain oxygen. In this case energy is obtained by a process known 
as anaerobic or intramolecular respiration. In anaerobic respira- 
tion, energy is liberated by the incomplete breaking down of 
carbohydrates. Carbon dioxide and, usually, alcohol are pro- 
duced. Anaerobic respiration is less efficient than normal res- 
piration. Much more material is broken down, and, as a rule, 
much less carbon dioxide is produced. 

Sufficient oxygen is available for the aerial parts of plants, 
but this is not always true of roots and seeds in the ground. The 
soil should be porous and should contain air in the spaces between 
the particles. If there is so much water in the soil that it interferes 
with the diffusion of sufficient oxygen to the roots, the growth of 
the latter will be retarded. For this reason soil should be well 
drained. The roots of plants may be killed if the ground is flooded 
for a considerable length of time. The same thing may result if the 
level of the ground around a tree is raised until the roots are buried 
so deeply that sufficient oxygen does not reach them. Seeds 
respire actively during germination, and so will not germinate 
without a sufficient supply of oxygen. 
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Photosynthesis 

Uses carbon dioxide 
Releases oxygen 
Uses and stores energy 
Builds up sugar 
Requires light 
Requires chlorophyll 
Increases dry weight 


Respiration 

Releases carbon dioxide 
Uses oxygen 
Liberates energy 
Breaks down sugar 
Does not require light 
Does not require chlorophyll 
Decreases dry weight 


Metabolism. In this chapter we have studied the metabolism 
of the plant and have seen that it consists of two kinds of changes : 
the building up of complex substances from simple ones and the 
breaking down of the complex ones into simpler forms. In the 
building-up processes are formed all the various materials which 
go to make up the complex structure of the plant, and also those 
in which food is stored for future use as building material or for 
furnishing energy. In the breaking-down processes reserve ma- 
terials may be converted into simpler ones to be built up again 
into integral parts of the plant, or they may be broken down into 
carbon dioxide and water to furnish energy for the varied activities 
of the plant. 
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WATER IN RELATION TO LEAVES 

HYDRATION 

We have seen that a large part of the stiffness of leaves is due 
to water contained in their cells. The forces that hold water 
within the cell walls are not in the walls themselves but in the cell 
contents. The cell walls are very permeable to water; that is, 
water can pass through them very readily. If there were no forces 
in the cell contents to hold the water, the water would leak out 
through the walls. The term hydration may be used to denote the 
absorption and holding of water, without regard to the manner 
in which this is accomplished. The hydration of the cell contents 
is, then, the absorption and holding of water by the cell contents. 
This is due to two forces : the hydration of colloids in the cell and 
osmotic pressure. 

Hydration of colloids. In the discussion of the colloidal nature 
of protoplasm, in the chapter on the cell, it was pointed out that 
many colloids are capable of hydration (that is, of absorbing and 
holding water) and that protoplasm contains hydrated colloidal 
particles. Protoplasm is capable of absorbing and retaining large 
quantities of water. When protoplasm absorbs water, it tends to 
swell and stretch the cell wall and thus give rigidity to the cell. 

Osmotic pressure. When a substance is in solution, the dis- 
solved substance tends to become equally distributed or diffused 
throughout the liquid (solvent) in which it is dissolved. This 
can be illustrated by the following example : If a small quantity 
of sugar is placed at the bottom of a vessel containing water, the 
sugar will go into solution and, even if there is no movement of 
the water, will become diffused throughout the water so that all of 
the water will have a sweet taste. Diffusion is very important in 
plant physiology, for by this means substances in solution in one 
part of a plant are frequently carried to other parts. 
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The force exerted by diffusion is called osmotic pressure. This 
force may be demonstrated by the use of a semipermeable mem- 
brane. A semipermeable membrane is a membrane through which 
the solvent can diffuse readily, but through which at least some 
of the substances which may be in solution cannot pass readily, 
if at all. Good examples of semipermeable membranes are ani- 
mal bladders and the thin membrane around the white of an egg. 
When two solutions of unequal concentration are separated by a 
semipermeable membrane, diffusion still tends to produce an 
eciual distribution of the dissolved substance throughout the sol- 
vent, and this results in the diffusion of the solvent from the less 
concentrated to the more concentrated solution. The solvent 
from the less concentrated solution accumulates in the more con- 
centrated solution and dilutes it, and the tendency is for this proc- 
ess to continue until the tv\ o solutions have the same concentration. 

The operation of a semipermeable membrane can be illustrated 
in the following manner : When a dilute solution of sugar in water 
is separated by a semipermeable membrane from a more con- 
centrated solution of sugar in water, and the semipermeable mem- 
brane is such that water can pass through it readily while sugar 
cannot, the water from the dilute solution will diffuse into the 
concentrated solution, the tendency being for this diffusion to 
continue until the solutions on both sides of the membrane are of 
equal concentration. The operation of osmotic pressure through a 
semipermeable membrane may be expressed in general by saying 
that if two solutions are separated by a semipermeable membrane, 
the solvent from the less concentrated solution will tend to accumu- 
late in the more concentrated one until the two solutions have the 
same molecular concentration. Diffusion through a semipermeable 
membrane is called osmosis. 

The above experiment can be performed very easily with a 
thistle tube and a piece of parchment paper, which is a semiper- 
meable membrane (Fig. 75). The paper is tied tightly over the 
large mouth of the bulb, the tube is inverted, and the bulb is filled 
with a sugar solution. The tube is now set in a dish of water with 
the tube end uppermost and the bulb about three-fourths immersed 
in the water. The sugar sfdution will absorb water and gradually 
rise in the tube. 
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Osmosis in plant cells. The outer layer of the protoplasm of 
a plant cell is somewhat modified and is known as the plasma 
membrane. This acts as a semipermeable membrane around the 
cell, while the protoplasm as a w'hole is a semipermeable membrane 
around the vacuole. These membranes are of such a nature that 
water passes through them readily, while some of the substances 
which are in solution pass less readily and some 
not at all. The solution in living cells is highly 
concentrated and is connected by means of the 
conducting tubes in the xylem with the roots, 
and through these with the water in the soil ; 
this water is a dilute solution of mineral salts. 
By the forces of osmosis and hydration of col- 
loids this water is drawn into the plant cells 
until the cell walls become stretched by the 
water. Cells that are thus stretched are said to 
be turgidy and the force of the stretching is called 
turgidity. This turgidity gives considerable 
strength to the cells, as was explained on page 
37, just as a soft hose becomes hard when filled 
with water, or a bicycle tire extremely rigid 
when filled with air under pressure. 

If a cell is placed in a concentrated solution 
of sugar or of a mineral salt, this solution will 
pass through the cell wall and will draw’ water 

foT demons^raiin * protoplasm. The removal of the water 

osmosis decreases the size of the cell contents so that the 
protoplasm is drawm aw^ay from the cell wall, as 
shown in Fig. 76. A cell in this condition is said to be plasmolyzed. 
If the plasmolysis has not gone too far, the removal of the con- 
centrated solution and its replacement by a weak solution will 
allow the cell contents to absorb water and resume their origi- 
nal distribution. When fresh-water plants or the roots of land 
plants are placed in salt water, they are killed by plasmolysis. 

Water may pass from cell to cell by means of osmotic pressure 
or the hydration of colloids. When a cell which is exposed to the 
air is losing water, the concentration of the dissolved substances 
in it is increased, so that it tends to draw water from a neighboring 
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cell. This cell in turn may draw water from another cell. In this 
way water may be drawn from cell to cell until the source of supply 
is reached. 

A semipermeable membrane may be of such a nature that some 
dissolved substances will pass through it readily, while others 
will do so slowly or not at all. Some dissolved substances pass 
more readily than others through the semipermeable membranes 
of plant cells. 

Imbibition. The cell wall is composed of colloidal substances 
and, like colloids in general, has the property of absorbing water 
and swelling. This process is known as 
imbibition. Cell walls absorb water with 
tremendous force, as can be seen when dry 
wood absorbs water and swells. When a 
substance which is soluble in water, such 
as sugar, is placed in water, the attraction 
between the molecules of sugar and water 
is greater than the cohesive force of the 
sugar. The result is that the molecules of 
sugar are separated and go into solution. 

In the case of cell walls there is a strong 
attraction between the particles composing 
the walls and water, but this is not strong ^ plasmolyzed 

enough to overcome the force with which gquash''^ooi.*7x l6o“) 
the particles of the cell wall adhere to each 
other. The water then goes between the particles and is imbibed. 
There is no sharp dividing line between imbibition and solution, as 
substances may at first swell owing to the imbibition of water and 
the swelling may continue to such an extent that solution results. 

TRANSPIRATION 

Definition. Transpiration is the evaporation of water from 
plants, the Nvater passing in the form of water vapor into the sur- 
rounding atmosphere. 

Process. We have seen that water permeates the walls of the 
chlorenchyma cells, so that the surfaces of the walls surround- 
ing the intercellular spaces are wet, and that this condition is 
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necessary for the entrance of carbon dioxide into the cells. Since 
the wet surfaces of the cells are in contact with the air in the in- 
tercellular spaces, some of the water in the walls vaporizes and 
diffuses into this air, just as the water from wet clothes goes into 
the surrounding atmosphere while the clothes are drying. The 
accumulation of water vapor in the air in the intercellular spaces 
makes the water content of this air greater than that of the atmos- 
phere surrounding the leaf, so that water 
vapor diffuses out through the stomata 
into the external atmosphere. The diffu- 
sion of water vapor from the intercellu- 
lar spaces into the atmosphere tends to 
reduce the water content of the air in 
the intercellular spaces, and thus causes 
additional water to leave the cell walls 
and enter the intercellular spaces. The 
passage of water from the cell walls into 
the intercellular spaces, and then out 
through the stomata into the external 
atmosphere, is thus continuous as long 
as the cell walls are wet and the sto- 
mata are open. Since those conditions 
are necessary for the absorption of carbon 
dioxide for photosynthesis, transpiration 
is a constant concomitant of photosyn- 
thesis. In other words, the conditions 
that are necessary for photosynthesis 
make transpiration unavoidable. Tran- 
spiration is, strictly speaking, not a process of the plant itself but 
the result of the action of external conditions on the plant. 

Some water is lost from the epidermal cells. This is known as 
cuticvlar transpiration. The amount of water given off in this 
manner is, however, small as compared with that which diffuses 
out of the stomata. 

Demonstration. That water is lost by transpiration can be dem- 
onstrated by the arrangement shown in Fig. 77. A branch is at- 
tached, by means of a rubber tube, to a burette containing water. 
The branch is then placed inside a bell jar, when some of the water 



Fig. 77. Apparatus for dem- 
onstrating the loss of water 
by transpiration 
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that is transpired will condense on the sides of the jar. A potted 
plant may be used in place of the branch. This experiment can 
be checked by setting up a similar preparation with a dead, dry 
branch substituted for the living one. In this case no water will 
collect on the sides of the bell jar. 

The amount of transpiration can be roughly determined in the 
manner shown in Fig. 78. A branch is attached, by means of a 
rubber tube, to a burette containing water. 

As transpiration continues, water is ab- 
sorbed from the burette, the amount being 
shown by the change in the height of the 
water in the burette. This method is in- 
accurate, as it measures the amount of 
water absorbed rather than that given off, 
and, moreover, the transpiration of a 
severed branch is frequently very differ- 
ent from that of a branch on the plant. 

A more accurate method of measuring 
transpiration is by weighing. A potted 
plant can be used for this purpose. The 
pot and soil should be sealed in a water- 
proof covering so that water can evapo- 
rate only from the plant itself. The rate of 
transpiration can then be determined 
by weighing the preparation at definite 
intervals of time. 

Harmful effects of transpiration. The 
most conspicuous effect of transpiration is the damage that results 
from excessive loss of water. If water is lost in transpiration faster 
than it is supplied from the roots, the leaves wilt ; and if the excess 
of loss over supply continues, the plant will finally die. Even with- 
out actual wilting, the growth of plants may be greatly retarded 
by high rates of transpiration accompanied by a low moisture 
content of the soil. This condition is very evident in many crops 
during long dry seasons. Delicate plants, such as many ferns, 
cannot grow in dry places, because they lose more water by tran- 
spiration than they can absorb from the soil. The bareness of 
desert regions is due to excessive evaporation and the scarcity of 



Fic. 78. Apparatus for 
measuring the amount of 
water absorbed by a tran- 
spiring branch 
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water in the soil. If it were not for the high rate of evaporation, 
however, there would be enough water in the soil in many desert 
regions to support a fair growth of vegetation at all times. 

Excessive loss of water is one of the greatest dangers to which 
many plants are exposed, and is one of the most frequent causes 
of the death of plants. The harmful eflFects of excessive transpi- 
ration account for the fact that the leaf is protected by a heavily 
cutinized epidermis and by stomata which close as the result of 
the loss of water. 

Transpiration and temperature. The evaporation of water has 
the effect of cooling the object from which it evaporates, and so 
the transpiration of water from plants tends to reduce their tem- 
perature. This fact explains why living leaves remain relatively 
cool when exposed to intense sunlight, while dry objects, such 
as paper, become hot. If it were not for this cooling effect of 
evaporation, leaves would be overheated on hot, sunny days. 
Animals, like plants, may be benefited by the cooling effect of 
evaporation. The reason why we feel cool when in front of an 
electric fan is that the wind increases the rate of evaporation of 
water from our bodies. 

One danger of high leaf-temperature is illustrated by the injury 
known as scalding. On hot days this injury sometimes results 
from the heating effect of intense sunlight following a shower which 
has left a high percentage of moisture in the air. The humidity 
lowers the rate of transpiration, with the result that the leaf be- 
comes overheated. The injurious effects of high temperatures are, 
however, not confined to such conspicuous injuries as the one just 
mentioned. Many physiological processes, including growth, are 
affected by excessive heat. 

Transpiration and mineral matter. When the chlorenchyma 
cells of the leaf lose water through transpiration, the osmotic pres- 
sure in them is increased. This increase in osmotic pressure results 
in the diffusion of water from the xylem of the veins to the chloren- 
chjrma, to replace the water lost by transpiration. The xylem is 
continuous from the leaf through the stem to those parts of the 
roots where water is absorbed. In the xylem water moves not by 
diffusion, but as a steady stream through long tubes composed of 
dead cells. This stream of water carries the dissolved mineral 
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matter along with it to the veins of the leaf, where both the water 
and the mineral matter can diffuse into the cells of the chloren- 
chyma. The movement of salts from the veins into the chloren- 
chyma, being by diffusion, is independent of the passage of the 
water but dependent on the relative concentration of the particular 
kind of matter in the chlorenchyma cells and in the veins. The 
reason why the kinds of mineral matter that are used in the leaves 
continue to diffuse into the chlorenchyma is that in their assimila- 
tion they are combined with other compounds and are thus changed 
to different substances. When a given substance combines with 
another to form a new compound, the concentration of the original 
substance is decreased. Owing to this fact a substance which is 
in solution in the xylem of the veins will continue to diffuse into 
the chlorenchyma as long as it is used by being combined with 
some other compound. The importance of transpiration in the 
passage of mineral matter into the leaves is that transpiration 
causes a stream of water to pass through the xylem and that this 
water carries tlissolved material into the veins, where it can diffuse 
into the chlorenchyma. 

The rate of the movement of mineral matter into the leaves is 
not necessarily proportional to the rate of transpiration, as the 
movement of dissolved material from the xylem into the chloren- 
chyma is by diffusion and depends on the relative concentration 
of the particular dissolved material in the two tissues, while the 
entrance of dissolved substances into the root is also by diffusion 
and depends on the relative concentration in the soil and root. 
Actual experiments indicate that under ordinary conditions there is 
little relation between rates of transpiration and the amount of min- 
eral matter in plants. It would appear that plants are frequently 
subjected to higher rates of transpiration than are necessary for 
the movement of sufficient dissolved material through the xylem. 

Wliile some transpiration would appear to be beneficial, par- 
ticularly to tall plants, because it accelerates the movement of 
dissolved material from the roots to the lea^'es, there are at least 
many small plants for whose development it would seem to be 
unnecessary, as is shown by the fact that they will grow in an 
atmosphere kept as nearly saturated with water as is possible even 
under experimental conditions. In the absence of transpiration 
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the movement of dissolved materials can take place through the 
plant slowly by means of diffusion. 

Factors influencing transpiration. The rate of transpiration 
varies greatly with changes in the environment. The factors that 
affect transpiration are the same as those that influence the rate 
of evaporation in general. 

The effects of light, heat, wind, and humidity on ordinary 
evaporation are matters of common knowledge. We know that 
if we put a w^et handkerchief in a warm place it will dry much 
more rapidly than it would in a cold place. The drying of the 
handkerchief is, of course, simply the evaporation of water from 
the handkerchief. We know also that wet clothes will dry more 
rapidly in sunlight than in a dark or shaded place, and, other 
conditions being equal, more rapidly on a windy day than on a 
still day. Likewise they will dry more rapidly on a dry day than 
on a very moist one. 

Transpiration varies with the temperature, because water 
vaporizes more rapidly at high temperatures than at low temper- 
atures, and because warm air absorbs more moisture than cool 
air does. Light increases transpiration, owing to the heat pro- 
duced by the light. Wind increases transpiration in two ways: 
diffusion of water vapor from the stomata tends to saturate the 
atmosphere around the leaves, but wind removes this moist air and 
replaces it by drier air ; wind also, by causing the leaves to shake 
and bend, increases the movement of gases in the intercellular 
spaces. Again, the rate of transpiration is greatly influenced by 
the humidity of the air, that is, the amount of water vapor in the 
air. Dry air not only absorbs more moisture than wet air does 
but absorbs it more rapidly. Therefore the rate of transpiration 
decreases with rising humidity. 

Control of transpiration. The rate of transpiration is greatly 
influenced not only by external conditions but also by the plants 
themselves. This is brought about in two general w^ays : by per- 
manerU morphological changes which restrict or accelerate the rate 
of transpiration, and by physiological changes which control the 
rate temporarily. 

Restriction of transpiration. Among the structural modifica- 
tions which may influence the rate of transpiration are the number 
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and size of the leaves, the thickness of the leaves, the compactness 
of the chlorenchyma, the number and arrangement of the stomata, 
the thickness and cutinization of the epidermal walls, and the 
development of trichomes (outgrowths from the epidermal cells). 

Number and size of leaves. Other things being equal, the 
amount of water transpired by a plant will tend to vary with the 
number and size of its leaves, as the more surface the plant has for 
transpiration the more water it can transpire. It is not surprising, 
therefore, to find that most plants growing in moist regions have 
a large number of fair-sized leaves. When the leaves are few in 
number they are usually large. On the other hand, plants growing 
in an arid region will usually have few and small leaves, so that the 
rate of transpiration is restricted by a reduction in the transpiring 
surface. 

Gardeners, when transplanting large plants, very commonly 
reduce the number of leaves, to restrict transpiration. In remov- 
ing a plant from the soil the parts of the roots which absorb water 
are destroyed to a very considerable extent. The plant can there- 
fore absorb less water and so has less water for transpiration. In 
order to balance this effect it is a usual practice to remove a con- 
siderable portion of its leaves. 

Thickness of leaves. If the leaves of a plant are thick, they will 
have a smaller outside area per unit of volume than they would 
have if they were thin. Therefore thin leaves will transpire more 
per unit of volume than will thick leaves. In keeping with this 
fact we find that plants growing in very moist places usually have 
thin leaves, while those which are exposed to dry conditions have 
thicker leaves. 

Compactness of chlorench]rma. If the cells of chlorench3rma are 
arranged close together, there will be a less free circulation of gases 
inside the leaf than there would be if the cells were loosely ar- 
ranged, with large intercellular spaces; consequently, the more 
the spongy chlorenchyma is replaced by palisade the more the 
rate of transpiration will be restricted. The relative development 
of the palisade and the spongy chlorenchyma cells varies greatly 
under different environmental conditions. In very moist places, 
as in damp, shaded ravines, the spongy chlorenchyma usually 
occupies a larger portion of the leaf than does the palisade, and not 
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infrequently the palisade disappears entirely (Fig. 897). In dry 
regions the reverse is the case. Here the spongy chlorenchyma is 



usually less conspicu- 
ous than the palisade. 
The leaves may have 
a thin layer of spongy 
chlorenchyma near the 
lower epidermis ; or the 
layer of spongy chlo- 
renchyuia may be be- 
tween two layers of 
palisade (Fig. 79), one 
below the upper epi- 
dermis and the other 
just above the lower 
epidermis ; or, again, 
the spongy chloren- 
chyma may be entirely 
replaced by palisade 
chlorenchyma. Note 
the difference in the de- 
velopment of the pali- 
sade and the spongy 
chlorenchyma as shown 
in Fig. 48 and also in 
Figs. 26 and 28. The 
relative development of 
the palisade and the 
spongy chlorenchyma 
may be suited not only 
to various rates of 
evaporation but also 


Fic. 79. Cross section of a leaf of oleander to various intensities of 
(Nerium) with upper and lower palisade, thre^ jj damp ravines 

layered upper epidermis, and stomata in a pit ” >• i.x • ti t 

protected by trichomes. ( X 285 ) 18 usually of 

low intensity, and in 


such situations not much light would be likely to pass through 


thick layers of tissue. On the oth^ hand, in dry regions the 
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atmosphere is likely to be clear and the intensity of light to be very 
great; under such conditions light sufficient for photosynthesis 
would penetrate through a much thicker layer of tissue than 
would be the case with plants exposed to lower intensities of light. 

Number and arrangement of stomata. The rate of transpira- 
tion will naturally vary with the number of stomata. Plants grow- 
ing in moist situations are likely to have more stomata per unit 
of area than those in dry regions. Some plants which are natives 
of arid localities have stomata 
that are sunk in pits (Figs. 

79, 80), while some which are 
found in moist regions have 
their stomata raised above 
the general level of the epi- 
dermis. More water will nat- 
urally be transpired through 
exposal than through protected 
stomata. 

Thickness and cutinization 
of epidermal walls. The chief 
function of the epidermis is to 
restrict the amount of transpi- 
ration by means of its thick 
and cutinized outer walls. 

The amount of transpiration 
will, of course, decrease as the 
thickness and the cutinization of the wall increase. Plants grow- 
ing in dry situations have thicker epidermal walls than those in 
moist regions. Even on the same plant, leaves exposed to the sun 
have thicker epidermal walls than those in the shade (Fig. 48). 
Xerophytic plants may have not only thick epidermal walls but also 
an epidermis composed of more than one layer of cells (Fig. 79). 

Development of trichomes. Many leaves have hairs on their 
surfaces. These hairs are outgrowths from the epidermal cells 
and are frequently dead. If such dead hairs are numerous and 
close together, they will have a tendency to decrease the rate^ of 
transpiration, as they tend to minimize the movement of air near 
the stomata. 



Fig. 80. Cross section of a portion of a 
leaf of a century plant (Agave cantula)^ 
showing a sunken stoma. ( X 170) 
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Hereditary and acquired modifications of structure. The 

changes in structure which restrict or accelerate the rate of tran- 
spiration are of two general classes : those changes which are char- 
acteristic of a species and are hereditary, and those which are 
acquired by individual plants or leaves in response to the condition 
under which they are grown. 

Acquired mo^fications. Even on the same plant some leaves 
may be more exposed than others to the effects of evaporation, as 

they are not all equally 
exposed to the action of 
sun and wind. We usually 
find that on the same plant 
the leaves that grow in the 
sun are thicker and have 
their chlorenchyma more 
compact and their epider- 
mal walls thicker than the 
leaves that grow in the 
shade (Fig. 48). These 
differences are due to the 
response of the individual 
leaves to their environ- 
ment. A practical appli- 
cation is made of this fact 
in growing tobacco under 
shade in order -to obtain 
large, thin, and pliable 
leaves to be used as cigar 
wrappers. While leaves 
respond, to a certain degree, in the ways mentioned above, the 
possible extent of such response is limited. 

Hereditary modifications. Besides the response of individual 
leaves and plants to different environments there are hereditary 
modifications of leaf structure which may be more pronounced 
and which fit plants for different environmental conditions. On 
many desert plants the leaves are reduced to rudimentary struc- 
tures or are modified into' spines (Figs. 81, 82, 277). No matter 
under what conditions these plants may be grown, they will not 



Fic. 81. Branches of Casuarina with scalelike 
leaves. ( X J) 

The small figure on the right shows a piece 
of a branch with whorls of scalelike leaves 
at the nodes. See Fig. 124 
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develop large leaves. Likewise, 
delicate ferns will not develop 
leaves which can resist the high 
rates of evaporation that occur 
in desert regions. Plants which 
are natives of the desert and have 
ver>’^ small leaves may, if grown 
in moist regions, develop some- 
what larger leaves, but they will 
never develop leaves of any great 
size. While environment may have 
a marked influence on leaves, he- 
redity is in general more important 

Fig. 82 . A branch of an Australian environment in determining 

desert plant, Hakea, with the leaves . 

modified as spines. ( X J) tiieir Size. 

Fig. 83, which represents a cross 
section of a leaf, shows an interesting hereditary modification suited 
to a particular kind of environment. The thick, water-storing 


epidermis helps the plant to endure 
short periods of comparative dry- 
ness, while the single layer of chloro- 
plasts indicates a shady habitat. 

Effect of evaporation on distribu- 
tion of plants. In nature we find 
that plants of desert, fairly moist, 
and very moist regions are all spe- 
cially fitted for the conditions un- 
der w'hich they grow, and that the 
structural modifications which fit 
them for their native localities are 
fixed by heredity to such an extent 
that usually they will not thrive un- 



der conditions that are very different Fic. 83. Cross section of a leaf 


from those of their natural habitat. 
The rate of evaporation is one of 
the most important environmental 
factors for which plants are fitted, 
and the rate of evaporation deter- 


of Peperomia pellucida^ a trop- 
ical plant that thrives oti shady 
stone walls 

Note water-storing upper epi- 
dermis and single layer of cells 
with chlon)plast8 
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mines, to a considerable extent, the kinds of plants which grow 
naturally or can be cultivated profitably on any given area. If 
the soil is sufficiently irrigated, many crop and garden plants which 
are suited to fairly moist conditions can be grown successfully in 
regions that are naturally dry ; but there are many plants which 
cannot withstand the very high rates of evaporation prevailing in 
arid regions, no matter how much water is in the soil. Many des- 
ert plants can stand much more moist conditions than those under 
w'hich they normally occur, and can be successfully cultivated 



Fic. 84. Desert region in Arizona with Yiicca data to the left and ProsopU 

velutina to the right 


in moist regions ; but when left to themselves they are not able 
to compete with the vigorous plants of moist areas. 

High rates of evapf)ration, accompanied by a small percent- 
age of water in the soil, result in an open growth of small plants 
(Fip. 84, 276-278) ; low rates of evaporation and abundant 
moisture in the soil, other conditions being favorable, bring about 
a dense forest of tall trees (Figs. 6, 2.50). 

Regulation of transpiration. The rate of transpiration is regu- 
lated more or less temporarily in a number of different ways. The 
most important of these are by deciduous leaves, by the drying 
of the walls of the chlorenchyma, and by the opening and closing 
of stomata. There are also some other means, such as the rolling 
and folding of leaves, which reduce the transpiring surface. 
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Deciduous leaves. Broad-leaved trees which grow in regions 
that have either a very cold or a very dry season usually shed 
all their leaves during such periods of cold or of drought. Of course 
the shedding of the leaves greatly restricts transpiration. 

When the weather is very cold, plant roots can absorb little 
water from the soil, while if the leaves were exposed to the air 
they would continue to transpire. This is one of the reasons why 
broad-leaved trees in the colder parts of the temperate zone shed 
their leaves at about the beginning of the cold season (Fig. 258). 

A very similar result ensues when trees are subjected to a long, 
pronounced dry season. At such times both the soil and the air 
will usually c<^ptain compara- 
tively little moisture, with the 
result that if trees had an exten- 
sive leaf area, their roots could 
not absorb enough water to sup- 
ply that which would be lost by 
transpiration. The shedding of 
leaves by plants of the temper- 
ate zone during the autumn, 
and by tropical plants which 
grow in regions with a pro- 
nounced dry season, is there- 
fore the result of ver>^ similar 
circumstances. In tropical regions where there is no pronounced 
dry vsejison, plants retain their leaves throughout the year. 

The drying of chlorench3rma walls. On hot, dry, sunny days 
the leaves of plants may lose more water than the roots can absorb. 
The result of this is that the cells, and also the cell w^alls, then con- 
tain less w^ater than when transpiration is less rapid. Very wet 
substances naturally lose more water than drier ones ; and so, as 
the cell w'alls become drier, less water diffuses from them into the 
intercellular spaces. The rate of t ranspiration is thus automatically 
lowered. 

The opening and closing of stomata. A stoma is an opening 
between two sausage-shaped cells called g^mrd cells. Fig. 85 shows 
a view of a partly open stoma, and Fig. 86 a cross section through 
a closed stoma and surrounding cells. The guard cells are con- 



Fic. 8S. Surface view of a stoma of 
Wandering Jew {Zebrina pendula), 
( X 145) 
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structed in such a way that they can move so as to open and close 
the stoma. Stomata are usually closed at night and open in the 
day ; but when the rate of evaporation is rapid, they also close 

during the day. When the 
guard cells are turgid the 
stomata are open, while as 
the guard cells lose their 
turgidity the stomata close. 

Mechanism of opening 
and closing of stomata. To 
understand how changes in 
the turgidity of the guard 
cells cause the opening and 
closing of the stomata it 
will be necessary to study 
the structure of the guard cells. There are a number of types of 
guard cells, but for simplicity we may consider only what is proba- 
bly the most widely distributed one. A transverse section through 
a guard cell (Fig, 87) shows that the wall which is farthest from 
the stomatal pore (dorsal wall) is very thin, while that which is 
next to the pore (ventral wall) is much thicker. When the guard 
cells become turgid their walls 
naturally tend to stretch ; but 
the ventral walls, owing to their 
great thickness, stretch much 
less than do the dorsal walls. 

The result is that the cells be- 
come bent, with the concave 
side toward the pore. This is 
the principal cause of the open- 
ing of stomata. When the guard 
cells lose their turgidity they 
straighten out and come to- 
gether, thus closing the stomata. This type of bending can be 
illustrated by means of a rubber tube or an elongated toy balloon, 
to one side of which adhesive tape has been attached. When the 
tube is inflated it will bend, the side to which the adhesive tape 
has been applied being the concave side (Fig. 88). 



Fic. 87. Combined cross section and 
surface view of a stoma 



Fic. 86. Cross section of a stoma and sur- 
rounding ceils of Wandering Jew iZebrina 
pendula) , ( X 130) 
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The ventral wall is not uniformly thickened. In the center, as 
seen in cross section, it is thin. Away from the center it is greatly 
thickened, and along the edges it projects into the stomatal pore. 
The central part of the wall also bulges into the pore. The stomatal 
pore is thus not of uniform diameter, but consists of two more or 
less enclosed chambers which are connected 
by means of a narrow passage. The fact 
that the ventral wall is composed of two 
thickened ridges connected by a thin strip 
has distinct advantages. These ridges are 
so thick that they offer resistance to any 
tendency to stretch them, so that when the 
cell becomes turgid and the thin dorsal wall 
is stretched, the thin part of the ventral 
wall bends and there is a tendency for it to 
be drawn away from the center of the sto- 
matal opening, thus enlarging that opening. 

This type of movement can be imitated 
roughly by means of two boards fastened 
together at one end by a piece of leather to 
represent the thin part of the ventral wall, 
and at the other end by a rubber band to 
represent the dorsal wall (Fig. 89), If the 
rubber band is stretched, it will be seen that 
the other ends of the boards are drawn to 
it. When the guard cell loses its turgidity, 
the dorsal w^all contracts and the thin part 
of the ventral wall bulges out, and it is this 
part which closes the stomatal passage. It 
is an advantage to have the passage closed 
by the thin part of the ventral walls (Fig. 87), as thin walls can 
be pressed much closer together than could thick, rigid ones. 

Factors affecting opening and closing of stomata. The guard 
cells contain well-developed chloroplasts, while these are usually 
not present in the other cells of the epidermis, except in some plants 
that grow in moist, shady situations. During the day the contents 
of the guard cells have a high osmotic pressure. Consequently 
when the surrounding cells are well supplied with water the guard 





Fig. 88. Apparatus to 
imitate the opening and 
closing of a stoma 


The two large rubber 
tubes with adhesive tape 
on the adjacent sides are 
inflated by means of the 
rubber bulb 
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cells draw water from them and become turgid, and the stomata 
open. If, however, the plant loses more water from its leaves than 
is absorbed by its roots, the water content of the cells of the leaf, 
including the guard cells, is lowered, and the guard cells become 
less and less turgid. As this process continues the stomata close. 

The rate of transpiration is regu- 
lated to a considerable extent by 
the opening and closing of sto- 
mata. The closing of stomata does 
not, however, entirely stop tran- 
spiration, as a small amount of 
transpiration takes place through 
the cuticle of the epidennal cells. 

Daily march of transpiration. 
The rate of transpiration is de- 
pendent to a considerable extent 
on the rate of evaporation. There- 
fore we shall consider first the vari- 
ations in the rate of evaporation 
at different times during the day 
and night. During the night the 
rate of evaporation is usually very 
low, as at this time the air is much colder than during the day 
and the accelerating influence of sunlight is absent. The air is also 
much more nearly saturated with water during the night than dur- 
ing the day ; for cold air can hold less water than warm air, and 
thus, although there may be the same amount of water in the air 
during the day and during the night, the air becomes more and 
more saturated as it cools during the night. We see the result 
of this phenomenon in the formation of dew by the condensa- 
tion of water from the air. This condensation takes place at 
night because the air is more nearly saturated at that time than 
during the day. The increase in the saturation during the night 
has a great retarding effect on the rate of evaporation. With the 
coming of daylight the rate of evaporation increases, owing to 
light, greater heat, and the fact that the air becomes less satu- 
rated with water as it gets warmer. This increase in the rate of 
evaporation usually continues on bright days until some time in 



Fig. 89. Arrangement to imitate 
the bending of the ventral walls 
of a stoma 
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the afternoon. As the sun goes down the rate decreases, and the 
decrease continues until the low night rate is reached. 

If the rate of evaporation is comparatively low during the day, 
the rate of transpiration may follow that of evaporation rather 
closely. But when the rate of evaporation during the day increases 
to a point where transpiration is excessive, the rate of transpiration 
is restricted by the movements of the guard cells and the drying 
of chlorcnchyma walls. Thus it frequently happens that while the 
rate of evaporation continues to increase until some time in the 
afternoon, the highest rate of transpiration is reached in the morn- 
ing. At night the rate of transpiration is low, owing to the very 
low rate of evaporation and to the closing of the stomata. 

Water content of the leaf. Many leaves contain from 80 to 
90 per cent of water. When, on a dry day, a plant loses more 
water than it absorbs, the water content of the leaves naturally 
diminishes; thus it very frequently happens that leaves contain 
less water during the middle of the day than during the night. 
In many plants the loss of water goes so far on dry days as to cause 
an actual wilting of the leaf. Not only leaves but other parts of 
plants frequently contain less water during the day than at night. 
It is for this reason that vegetables have a crisper and fresher 
appearance when picked early in the morning than when gathered 
later in the day. 

The relation of moisture to number and size of leaves has been 
treated in a previous paragraph. 



CHAPTER VII 


SPECIALIZED LEAVES 

The principal function of ordinary foliage leaves is photosyn- 
thesis. Besides the primary function of foliage leaves they also 
perform such functions as respiration and growth, which are com- 
mon to ail living parts of plants. In juldition we find that many 
leaves are specially modified to perform functions which are not 
usually the principal ones of leaves, or are modified to carry on the 
principal function in an unusual manner. Such leaves may be 
called specialized leaves. As examples of leaves which perform the 
primary function of leaves in an unusual manner we may mention 
such leaves as those of oranges and grapefruits, where the petiole 
has a bladelike structure and is especially fitted for photosynthesis 
(Fig. 90), and the stipules of the garden pea {Pisum sativum), 
which are bla(fclike and have the functions of a blade (Fig. 94). 
The special functions for which some leaves are particularly suited 
may be grouped under six headings: support (stem function), 
absorption (root function), attraction of insects (floral function), 
reproduction (.seed function), storage, and protection. These func- 
tions may be subsidiary to the ordinary functions of leaves, or be 
more important, or even replace the usual functions. 

Support (stem function). The primary function of stems is to 
support the aerial parts of the plants. This function is performed 
by four special types of leaves : tendrils, which may be modified 
whole leaves or parts of leaves ; leaves with hooks ; leaves with 
floats; and leaves that have supporting leaf bases. 

Supporting leaf bases. The leaf bases of the banana and other 
similar plants are greatly elongated and grow so close together 
as to produce a structure which has an appearance very much 
like that of an ordinary trunk, and which supports the leaf blades 
and the fruit in much the same way as does a trunk (Fig. 91). 
The main stem is thick and short, with a convex top to which the 
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leaf bases are attached. The slender fruiting stalk pushes up in 
the center of the elongated leaf bases and is supported by them 

(Fig. 92). 

In grasses the younger 
part of the stem has a soft 
growing region just above 
the attachment of each leaf. 
This growing region is so 
soft and weak that it could 
not, by itself, support the 
part of the plant above it. 
The leaf base has the form 
of a long, slender tube 
which surrounds and sup- 
ports the stem and enables 
it to bear its load (Fig. 93). 

Tendrils. The climbing 
plants have slender stems 
which do not possess suffi- 
cient strength to hold themselves erect. Such plants catch on to 
other objects, particularly other plants, and thus make use of the 
strength of these other 
objects to support them. 

This enables them to 
grow up into the sun- 
light without expending 
the material which would 
be necessary to build a 
strong trunk. Tendrils 
are one of the means by 
which plants hold on to 
other objects. Tendrils 
are long, slender struc- 
tures which curl around 
objects with which they 
come in contact. They 
are frequently, but by 
no means always, modi- Fic. 93. Tip of stalk of sugar cane. (X A) 




Fic. 92. Cross section of the false trunk of 
the banana plant, showing small flowering 
stalk surrounded by leaf bases. ( X 


I 


I 


(1 


Fic. 94. Leaf tendrils 


Upper left, Pisum sativum; upj>er right, Clematis smilacifolia ; lower left 
Smilax leucophylla ; lower right, Flagellaria indica. (X i) 



Fig. 95. Tip of a stem of a rattan palm iCahmus). (x 
Left, back of rachk: right, back of extension of rachia 
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fied leaves. Any part of a leaf may be modified in this manner. 
Tendrils may be modified whole leaves, petioles (Fig. 94), leaflets 



Fig. 96. Large air spaces in bulbous 
petiole of water hyacinth iEichhomia 
crassipes), ( X 30) 


as in the garden pea {Pisum 
sativum) (Fig. 94), tips of 
leaves (Fig. 94), or stipules 
(Fig. 94). 

Hooks. Some climbing 
plants have leaves with hooks 
which enable them to hold On 
to other objects. Excellent 
examples are afforded by the 
climbing palms known as rat- 
tans (Fig. 251). These have 
large feathery leaves with nu- 
merous curved sharp-pointed 
hooks (Fig. 95) which catch on 
to objects with which they 
come in contact and thus sup- 
port the stem and enable the 


plant to climb. Some climbing plants have stipular hooks which 


serve the same purpose. In the tomato the stiff backward-slanting 


rachis of the leaf acts as a 
hook. 

Floats. The floating plants 
develop very loose ti.ssue with 
large air spaces (Fig. 96). 
Such tissue enables the plant 
to float on the surface of the 
water. The bulbous petiole 
of the water hyacinth is oc- 
cupied largely by air spaces 
and presents a striking case 
of the development of float- 
ing tissue (Figs. 96, 97). Sim- 
ilar tissue is found in the blades 
of floating leaves (Fig. 5). 



Fig. 97. Water hyacinth {Eichhornia 
crassipe*) with petioles modified as 
floats. ( X §) 


The air spaces in plants serve for aeration, that is, the exchange 
of gases between the cells and the external atmosphere. Fre- 


Q J. Horace McFarland Co. 


Fig. 99. Dogwood (Comus florida) 

The conspicuous petaMike structures are modiBed leaves which surround 

small flowers 
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quently the large air spaces in aquatic plants are primarily useful 
for this function, as is particularly true of the large air tubes which 

traverse the petioles of 
water lilies (Fig. 74) and 
by which the oxygen set 
free in the leaves by pho- 
tosynthesis is allowed to 
diffuse to the roots. 

Absorption (root func- 
tion). One of the chief 
functions of roots is to 
absorb water as well as 
compounds of nitrogen 
and other elements which 
plants usually obtain from 
the soil. Most leaves are 
incapable, under ordinary 
circumstances, of absorb- 
ing these substances, but 
many plants have leaves 
which are especially fitted for this function. Such leaves fall rather 
naturally into two general classes: those especially fitted for 



'Fig. 100. Bright-colored bracts stirroiinding 
the small flowers of Bougainvillea specta- 
bilis, ( X 



Fic. 101. A walking fern (Adiantum caudatum), ( X i) 

absorbing water and the things which are ordinarily dissolved in 
it, and those that catch insects or other small animals and obtain 
nutrient substances in this manner. 
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Water-absorbing leaves. The leaves of submerged plants 
are not ordinarily exposed to evaporation and do not have cutin- 
ized epidermal walls. They are surrounded by water in which 

mineral matter is dissolved, and 
so can absorb these substances 
directly. 

Many plants growing in dry sit- 
uations have leaves that are pro- 
vided with absorbing hairs. These 
may be of great advantage to a 
plant by enabling it to absorb 
water from light rains which do 
not wet the soil, or even from 
dew. They are of considerable 
use to plants growing in situa- 
tions where for long periods there 
may be dew every night but no 
rain. Dew is condensed on, and 
absorbed by, these hairs. Some plants have leaves which are espe- 
cially fitted for collecting and absorbing water. The bromeliads 
(plants of the pineapple family) furnish excellent examples of 
absorbing hairs (Fig. 252). 



Fic. 102. Leaf of life plant {Bryo- 
phyllum pinnatum ) producing small 
plants. < X i ) 



Fig. 103. Bulbs of lily and onion 

Left, lily ; center, exterior view of onion bulb ; right, section of onion bulb 


Carnivorous leaves. There are several different types of leaves 
which catch insects and other small animals from which the plant 
obtains nitrogenous materials. These have been discussed in the 
chapter on assimilation. 
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Attraction of insects (floral function). The principal function 
of white or brightly colored petals is to attract insects or other 

animals which polli- 
nate the flowers. As 
we shall see later, the 
petals arc modified 
leaves. Aside from 
petals there are other 
types of leaves which 
serve to attract in- 
sects. In some cfises 
the flowers are small, 
and the function of 
attracting insects is 
performed by large 
white or brightly col- 
ored leaves. These 
leaves may have the 
shape of ordinary fo- 
liage leaves and dif- 
fer from them largely 
in being white or 
brightly colored, as 
in the case of the 
poinsettia (Fig. 98). 
In other cases the 
leaves (bracts) have 
a shape very differ- 
ent from that of foli- 
age leaves (Figs. 99, 
100). In many cases 
Fic. 104. A staghorn fern ( Platycerium biforme) ^t)t the flowers 

growing on a coconut trunk, (xj) themselves but the 

bracts that are showy. 

Reproduction (seed function). Many plants can be propagated 
by means of leaf cuttings ; this form of propagation is commonly 
practiced in the case of tegonias. Some plants in their wild state 
reproduce regularly by means of leaves. Striking examples are 
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afforded by the so-called walking ferns and by Bryophyllum. The 
walking ferns have long leaves the tips of which reach the ground, 
strike root, and grow into new plants (Fig. 101). The leaves of 
Bryophyllum have small notches in their margins. When these 


leaves fall or are removed from 
the parent plant, small plantlets 
grow from the notches (Fig. 102). 
These plantlets send roots into 
the soil and grow into large 
plants. 

Storage. Leaves that are spe- 
cialized for storage can be di- 
vided into three general ckisses : 
leaves with special water-storage 
tissue, those with special food- 
storage tissue, and those which 
fonn pockets for collecting ma- 
terials out of which the roots 
absorb such substances as are 
ordinarily obtained from the 
soil. 

Water storage. Some plants 
which grow in very dry regions 
have leaves that are greatly 
thickened by water-storage tis- 
sue. Such tissue is very promi- 



Fig. 105. Stipules of India rubber tree 
{Ficus elastica) 

The united stipules of the young o^xin- 
ing leaf surround the bud, while those 
of the second leaf are about readv to 
fall, (xl) 


nent in the leaves of the cen- 
tury plant (Agave spp.) . Spt'cial 
water-storage tissue is not con- 
fined to leaves that are greatly 
thickened, but also occurs in some 
which have the appearance of 
ordinary foliage leaves (Figs, 79, 83). This is true of such plants 
as the India rubber tree familiar as a house plant (Ficus elastica). 
Food storage. Fleshy bulbs are composed largely of thickened 
leaf bases, as in the onion (Fig. 103), or of whole leaves, as in lilies. 
In both eases the leafy part of the bulb serves for the storage of 
food. 
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Pocket leaves. A considerable number of epiphytic tropical 
plants have the lower portion of their leaves, or special leaves, mod- 
ified into pocket-like struc- 
tures, in which leaves, dust, 
and other debris collect. The 
roots grow into this debris 
and absorb materials from 
it (Fig. 255). The staghorn 
fern is a well-known exam- 
ple (Fig. 104). This plant has 
two types of leaves: ordi- 
nary foliage leaves which hang 
down, and collecting leaves 
which surround the mass of 
roots. 

Water collects in the cups 
formed by the overlapping 
lower portions of the leaves 
of some bromeliads and is ab- 
sorbed by the leaves (Fig. 252). 

Protection. At the tip of a growing stem there is a soft growing 
region which is surrounded and pro- 
tected by the young leaves. This 
protection may be afforded by whole 
leaves or by stipules (Figs. 15, 105). 

Aside from this protective function, 
many leaves are specially modified 
for protecting the plant. The differ- 
ent kinds of leaves which have this 
special function may be divided 
into three classes : spiny leaves, 
motile leaves, and bud scales. 

Spiny leaves. A large number 
of animals feed directly on plants. 

In some cases this is of advantage 
to the plants, as when birds eat the 
fruits of a plant and scatter the seeds ; but the feeding of animals 
on the foliage or stems can be regarded only as harmful to the 



Fig. 107. Stipular spines of the 
bipinnate leaf of cassie flower 
(Acacia farnesiana), ( X J) 



Fig. 106. Marginal and stipular spines 
of the simple leaf of Acanthus ilici- 
folius. ( X J) 
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plants. Many plants are protected from animals, to a greater or 
less degree, by the development of spines (Fig. 106). On the other 
hand, many spiny plants are eaten by browsing animals. Spines 
may be stem or root structures, but very frequently they are modi- 
fied leaves. Whole leaves that are modified as spines (Fig. 82) may 

or may not serve for photosynthesis. 
The spines of the cacti (Fig. 277) are 
^ believed to be modified leaves. In 

some cases spines are developed at 
the tip or on other portions of a leaf. 
The daggerlike leaf of the century 
plant is a striking example of a leaf 
ft whose tip is developed into a spine. 

II Stipules are sometimes modified into 

|L j \ i stout spines (Fig. 107). 

Motile leaves. The leaf bases of 
many leaves and the bases of the leaf- 
^ I // ^ lets of many compound leaves are 

I modified into motile organs known 

as 'pulvini. These are most conspicu- 
V ^ I compound leaves, where the 

U whole pinna hangs down and the 

leaflets fold together (Fig. 108) at 
night or w^hen exposed to intense 
sunlight. Such movements are the 
result of the bending of the pulvini. 
The significance of the drooping and 
Fic. 110. Dissected bud of buck- folding up at night (sleep movements) 
eye iJEsculus macrostachya) , is not Understood, but it has been sug- 
showing transitions from bud xji.ui.xu 

scales to leaves gested that these movements serve to 

reduce the radiation of heat from the 
leaves. When leaves droop and fold up while exposed to intense 
sunlight, such movements seem to be fitted to reduce the rate of 
transpiration. The leaves of the sensitive plant {Mimosa pudica) 
not only show sleep movements but also fold up and hang down 
as a result of contact or of shaking (Fig. 109). When the plant is 
shaken, the leaflets of all the leaves may fold together and the 
pulvini of the leaves bend so that the leaves hang down. These 
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movements result in a very striking change in the aspect of the 
plant. Instead of having a luxuriant display of foliage, it becomes 
very inconspicuous. The significance of these movements is not 
clear, but they would seem to afford some protection from brows- 
ing animals. 

Bud scales. We have seen that the tips of stems are protected 
by leaves. We also find that many deciduous plants have specially 
modified leaf structures which protect the buds during the season 
in which the tree is leafless (Fig. 114). These structures are known 
as bud scales, and may represent whole leaves, petioles with un- 
developed blades, or stipules. In some cases there is in the same 
bud a series of transition forms from highly modified bud scales to 
leaves (Fig. 110). Bud scales are frequently covered with gummy 
or resinous substances and afford excellent protection to the bud. 

The bracts which cover .some types of unopened flowers are 
also modified leaves which have a protective function. 

In this category we may also include the reduced leaves of 
parasitic and saprophytic plants. Such plants do not produce 
chlorophyll, and have only small reduced leaves whose only func- 
tion would seem to be that of protecting the buds. 



CHAPTER VIII 


THE STEM 

The chief function of the stem is to support the leaves and 
reproductive organs in such a manner that they can advantage- 
ously carry on their several functions. When we analyze this 
function of the stem, we find that several aspects must be consid- 
ered. These can be grouped as attachment, position, and increase 
in number of leaves and reproductive organs. 

Attachment. The stem furnishes any organ which it bears with 
a place of attachment, and thus enables that organ to maintain its 
position. 

Positioa. In most cases, stems serve to dustribute the leaves 
in such a manner that they do not shade each other to any great 
extent. Insect-pollinated flowers are usually in such a position 
that they are readily visible to the pollinating agents, while wind- 
pollinated flowers are so exposed that the pollen may be carried by 
wind from one flower to another. Stems support most fruits in such 
a way that they may be readily distributed by disseminating agents. 

Increase in number. Many stems serve greatly to increase the 
number of leaves and reproductive organs that are produced by 
the plant. The stem, by increasing the number of leaves that the 
plant bears, enables the plant to produce more food and conse- 
quently a greater number of seeds. 

Incidental functions. Besides the main function of support the 
stem has two important incidental functions : namely, to conduct 
water from the roots to the leaves and reproductive structures, 
and to cany food from the leaves to other parts of the plant. It is 
evident that if leaves and flowers were attached directly to the 
roots, there would be no need and no possibility for any other 
organ to conduct materials between roots and leaves. 

The stem is frequently an important storage organ. During 
a large part of their lives many plants manufacture food faster 
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than it is used ; in most cases a large part of this surplus is stored 
in the stem. A stem is a better storage organ than an ordinary 
leaf, as it is usually a more permanent structure. Moreover, it is 
of advantage to the plant that the surplus food manufactured in 
the leaves is removed from them, so that food material does not 
accumulate and interfere with its continued production. 

STRUCTURE OF STEMS 

Nodes and intemodes. The stem (Fig. Ill) is composed of 
nodes (the places where leaves and branches originate) and inter* 
nodes (the parts of the stem between the nodes). Branches usually 
originate at nodes, 
in the axils of the 
loaves that is, just 
above the point of 
attachment of the 
leaves) . 

Apical growth. 

The growth of a 
stem in length takes 
place largely, and 
in most cases only, 
at and near the tip. 

Very good e\idence of this fact is afforded by an examination of 
an actively growing stem of a dicotyledonous plant (Fig. 111). 
It will be seen that all the leaves, except those near the tip, are 
of about the same size, and that the intemodes are of approx- 
imately equal length. The similarity in size of the leaves shows 
that no new leaves are formed on the older parts of the stem, 
while the similarity in length of the intemodes proves that when 
an intemode has reached a certain length, elongation ceases. If 
all parts of the stem w^ere to continue to grow in length through- 
out their existence, the intemodes would be progressively longer 
toward the base of the stem. Near the tip of a growing stem 
(Figs. 15, 111) the leaves are very minute, while toward the lower 
part of the stem they are progressively larger until they reach 
nfiature size. The intemodes near the tip are also very short, but 



Fic. 111. Horizontal branch of guava (Psidium 
guajava). ( X j). See Fig. 116 
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away from the tip they become progressively longer until they also 
assume a definite length. The explanation of this is that new leaves 
and intemodes are formed at the tip, and that they soon reach 
their mature length and then show no further growth in length. 
Growth at the tip of ah organ is called apical growth. 

The apical growth of a stem is due to the activity of a few 
actively dividing cells which are found at the very tip of the stem. 
This part of the stem is hidden by the young leaves produced near 




Fig. 112. Section through apex of the stem of a water plant 
Left, through whole bud (x 60) ; right, through apex only (x 400) 

the tip, and cannot be seen until these leaves are removed (Fig. 
112). A group of actively dividing cells is called meristem. 

Intercalary growth. In addition to apical growth some plants 
have another type of growth known as intercalary growth. This 
type of growth is very prominent in the stems of grasses. In 
grasses a group of cells just above each node remains meristematic 
for a considerable period of time and by division forms new cells, 
thus increasing the length of the intemode. When the growing 
stem of a grass is pulled apart, it will usually break just above a 
node, where the soft meristematic tissue is located. This meriste- 
matic tissue in the grasses does not usually have enough strength 
to sut^rt the stem, but is reinforced by the sheathing leaf bases 
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(Fig. 93). This is evident when these leaf bases are removed, as 
the young stem will bend in the region of meristematic tissue. 
Even where intercalary growth is found it is not so important 
as apical growth, for apical growth produces new nodes and 
intemodes, while intercalary growth only 
increases the length of the intemodes to a V 

limited extent. 

Position of leaves. I^eaves are formed only 
at the tip of a stem. They grow to mature 
size, perform their functions for a time, and 
finally fall from the stem. As no new leaves I,? 

are formed on the older parts of a stem, the 
old portions of branches are always leafless, W 

the leaves being confined to the smaller and 
younger portions. When leaves appear, on > jjffl 

superficial observation, to arise directly from 
large trunks or branches, they really occur 
on short branches that are too small to be 
conspicuous. 

Leaf scars. When leaves fall, they leave 
scars, known as leaf scars (Fig. 114), on the v ‘ * 

stem. These scars persist for a considerable 

length of time and mark the location of the f^ils o\^lefves*ormur 
nodes long after the leaves have fallen. In berry (Morus alba) 
each scar are a number of more or less.con- ^he dots on the stem 
spicuous dots, which in each species are ar- are lenticels. (x }) 
ranged in a definite pattern. These dots 
mark the places where groups of xylem and phloem cells (called 
vascular bundles) passed from the stem to the leaf. 

Buds. On stems that normally branch, buds are usually pro- 
duced in the axils of all the leaves (Fig. 113). Buds are also found 
at the tips of stems, unless the bud has died or produced a terminal 
flower or flower cluster which has dropped off and ended the longi- 
tudinal growth of the stem. When the life of a terminal bud is 
ended by the production of a flower cluster, the continued growth 
of the shoot is due to one or more axillary buds. Buds are un- 
developed shopts. After they are formed, they may either develop 
into shoots or remain dormant. A bud that has been dormant for 
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a number of years may be forced to develop into a shoot by the 
removal of that part of the stem which is above the bud. 

Bud scales. Buds 
are protected by a cov- 
ering of leaves. When 
deciduous trees are 
leafless for a consider- 
able period, the dor- 
mant buds found on 
them (luring that time 
are usually covered by 
specially modified pro- 
tecting leaves known 
as bud scales (Figs. 114, 
110). These are de- 
scribed in the preced- 
ing chapter. When bud 
scales fall, they leave 
scars, just as do ordi- 
nary leaves. Usually, 
however, the scars of 
bud scales arc consider- 
ably smaller and much 
more crowded together 
than are those of ordi- 
nary leaves. The re- 
sult is that when the 
scales around a dor- 
mant bud fall, the 
crowded bud-scale scars 
frequently form a con- 
spicuous ring around 



Fig. 114. Leafless branches of elm (left) and 
horse-chestnut (right), with winter buds pro- 
tected by bud scales 

The main branch of the elm has three rings of bud- 
scale scars, showing that the lower part of the 
branch is four years old ; a ring of scars at the 
base of each side branch shows that these 
branches are the previous summer’s growth 
(X i). The branch of horse-chestnut also has 
three rings of scars, showing that the lower part 
of the branch is four years old (x i) 


the stem and thus ena- 
ble us to determine much of the history of that stem. A season^s 
growth always begins just above a ring of bud-scale scars and 
ends with the formation of a new set of scales, so that by counting 
the rings of bud-scale scars we can tell the age of a branch. Also, 
by examination of the part of the stem between the rings we can 
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tell how much growth was made during past seasons and the 
number of leaves borne by the branch during those seasons. The 



Fig. 115. A branch of 
the Erythrina indica, 
a tropical tree which 
is leafless during the 
dry season 

This branch is marked 
by three rings of scars 
left by the falling of 
scales which protected 
the bud during succes- 
sive dry seasims. The 
three rings show that 
the lower part of the 


falling of leaves which results in leafless 
branches and also in the formation of rings 
of bud-scale scars may be connected with 
either a long cold season or a severe dry 
season (Fig. 115). Trees which do not shed 
their leaves may have their branches marked 
by rings of bud-scale scars if growth in length 
is seasonal and the buds are protected by 
scales. 

When stems continue to grow and bear 
leaves throughout the year, there are of 
course no rings of bud-scale scars, and it is 
not possible to tell the age of a branch by 
inspection. 

Lenticels. The epi- 
dermis of the very 
young parts of a stem 
contains stomata. As 
the stem grows older 
these are replaced by 
lenticels, which are 
groups of loosely ar- 
ranged cells that allow 
an exchange of gases 
between the interior 
of the stem and the 
external atmosphere. 

On the younger inter- 
nodes these can usu- 
ally be seen as brown- Fic. 116. Opposite leaves 



branch is four years spots with raised upright branch of 

boixlers (Fig. 113). 

Arrangement of leaves. The leaves oc- of the 

• 1 . . 1 t i. leaves in rig. 111. 5} 

cur on the stem m a number of dinerent 


arrangements. The system of leaf arrangement is known as phyl- 
lotaxy. When two leaves are attached opposite each other at the 
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node, they are called opposite leaves (Fig. 116). On vertical stems 
each pair of opposite leaves is borne at right angles to the point of 

attachment of the pairs above and below 

it, so that the attachments of the leaves 

^ occur on the stem in four vertical rows, 

or ranks (Fig. 116). When three or more 

leaves are attached to the same node, they 

^ '" ^0 are designated as ivhorled. Whorled leaves 

^ attached above and below points be- 

^ tween the points of attachment of the 

leaves of neighboring whorls, except when 
there are irregularities in the whorls. If 

]i""- \/y only one leaf occurs at a node, the leaves 

^ ^ — y are said to be alternate (Fig. 194). Alter- 

y\ leaves are arranged in a spiral around 

^ / stems, and the 

leaves have a defi- 

nite location in the ’Ti • 

Fic. 117. Diagram show- | 

mg the arrangement of : . I 

two-ranked leaves vanCS With ' ^ 

different species. J 

Phyllotaxy of alternate leaves. In some | 

cases alternate leaves occur onlv on two ' <:i> 

sides of the stem, so that every leaf is above ^ j 

the second one below (Fig. 93). Such leaves j 

are in two rows (two-ranked), and each leaf ’’I'j • . 

is halfway around the stem from the next — —^2 

in age (Fig. 117). 

Another arrangement is in three ranks, ‘ff j 

in which the point of attachment of every \i f^ 2 

leaf is directly above that of the third leirf 
below (Fig. 118) and there Ls a complete “*• 
turn of the spiral for every three leaves. ihrec-ranked leaves 
If we include the leaf which begins a turn 


C**v-- 

:> 




Fig. 118 . Diagram show* 
ing the arrangement of 
three-ranked leaves 


of a spiral and also the one which ends it, there are, of course, 
four leaves ; but when we take into consideration the whole length 
of the stem, there will be noted a turn for every three leaves. 

The commonest arrangement is in five ranks, with the point 
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of attachment of each leaf 2/5 of the way 
around the stem from that of the leaf next 
in age (Figs. 119, 194). In such arrange- 
ment the point of attachment of every leaf 
is directly above that of the fifth leaf be- 
low, and there arc two turns in the spiral 
for every five leaves. 

Still another method of arrangement is 
in eight ranks, with the point of attach- 
ment of every leaf 8 of the way around 
the stem from the next in age (Fig. 120). 
In this case the point of attachment of a 
leaf is directly above that of the eighth 
below, and there are three turns in the 
spiral for every eight leaves. 

Divergence of alternate leaves. The i)ro- 
jxjrtion of the distance around the stem that 
a leaf is romoved from the one next in age is 
called the divergence. When leaves are two- 
ranked (halfway around the stem from each 
other) the divergence is 1/2. We have just con- 
sidered cases in which the divergence is 1/2, 
1/3, 2/5, and 3/8. These figures, however, 
show other relations than the divergence. In 
the case of a divergence of 3/8 (Fig. 120) the 
denominator 8 shows the number of internodes 
between two successive leaves that are in the 
same vertical line on the stem, and also the 
number of vertical rows in which the leaves 
are arranged on the stem. The numerator 3 
shows the number of turns of the spiral for 
every eight leaves. The same relation holds 
for all other divergences. In the case of 2/5 
the denominator 5 shows the mimber of inter- 



Fic. 119. Diagram show- 
ing the arrangement of 
five-ranked leaves 

The top of the cylinder is 
marked off into five equal 
sectors. From the end of 
each line of division a line 
runs tlowm the stem 
through a row of leaves, 
showing that the leaves 
are in five tdws. The five 
vertical lines divide the 
stem into ecpial parts, so 
that the distance around 
the stem that one leaf is 
from the next in age (as 
from leaf 2 to leaf 3) can 
be determined. This dis- 
tance is two fifths of the 
circumference, so that 


nodes between two successive leaves that are the divergence is 2/5. 
on the same vertical lino and the mimber of Betweem two consecutive 
row's in which the leaves are arranged. The 
numerator 2 show's that there are tw'o turns in 
the spiral for every five leaves. When the diver- 
gence is 1/3, every leaf is above the tliird below, the leaves are arranged 
in three rows, and there is one turn of the spiral for every three leaves. 
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The greatest divergence that occurs with alternate leaves is 1/2, and 
the smallest is 1/3. All other divergences are intermediate between these 
two. 

Series of divergences. The divergences for alternate leaves can be 
arranged in the following series: 1/2, 1/3, 2/5, 3/8, 5/13, 8/21, 13/34, 

21/ 55, etc. Each fraction represents the part 
of the way around the stem that one leaf is 
from the next in age. In each fraction the 
denominator represents the number of inter- 
nodes between successive leaves that are sit- 
uated in the same vertical row, and also the 
numlx*r of vertical rows of leaves on the stem, 
while the numerator shows the number of 
turns of the spiral Ix^tween two successive 
leaves in the same vertical row. It should be 
noteil that the numerator and denominator for 
every divergence can be obtain(‘d by adding 
together those of the two preceding fractions 
in the series. 

The first figure in the series, 1/2, is the 

greatest divergence that occurs with alternate 

leaves ; the second figure, 1/3, is the smallest ; 

the third figure, 2/5, is the second largest; 

the fourth figure, 3/'8, is the second smallest; 

the fifth figure, 5/13, is tin*, third largest ; the 

sixth figure, 8/21, is the third smallest; the 

seventh figure, 13 34, is the fourth largest ; 

and the eighth figure, 21/55, is the fourth 

ion n* 1 , smallest, etc. This can he expressed in a dif- 

Fic. 120. Diagram show- . ’ ^ i 

ing arrangement of eight- way. If we take the first figure in the 

ranked leaves aeries and then every serond figure, wc obtain 

the following deseendiiiK series of fliverRcnccs : 
1/2, 2/5, 5/13, 13/34. If wc take the second figure in the .series and then 
every other figure, we obbvin the following a.sccnding series of diver- 
gences: 1/3, 3/ 8, 8/21, 21/55. The divergences of the.se series cxprc.ssed 
in degrees and minutes of circumference can be tabulated as follows : 



1/2=180“ 
2/6=144“ 
6/13 =138“ 28 
13/34 = 137“ 39' 


1/3= 120“ 
3/8= 1.35“ 
8/21 = 137“ 8' 
21/55= 137“ 27' 


The largest figure in the ascending series is never as large as the smallest 
in the descending series, and both series approach the same limit, which is 
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a divergence of 137® 30' 28". The above figures for the ascending and 
descending series show that all members of the original series have values 
which lie within the limits 1/2 and 1/3. Likewise, the values for higher 
members than 3/8 lie between 2/ 5 and 3/8, and the values for higher 
rnemliers than 8/21 lie between 5/13 and 8/21. The difference between 
the divergences 13/34 and 21/55 is only 12', or 1/5 of a degree, and the 
difference between any 
two higher members of the 
series must be less than 
this. There is, therefore, 
very little difference be- 
tween the divergences of 
the higher members of the 
series. This relationship 
is shown in Fig. 121. 

The ph 3 'llotaxy is fre- 
(piently obscured by a 
twisting of the stem. A 
very striking case is that 
of the umbrella plant. 

Here the leaves are in 
three rows, but the stem 
is so twisted that the 
leaves radiate in all direc- 
tions (Fig. 122). 



Fig. 121. Diagram showing the divergence of 
alternate leaves, expressed in degrees of cir- 
cumference 


All divergences lie l)etween 1/3 = 120° and 
1/2 = 180'', while all members of the series 
higher than 2 '5 lie between 2/5 = 144° and 
3/8 = 135\ The members higher than 5/13 
lie so close to the theoretical limit of 137° 30' 
that it is not practicable to show them on a 
diagram of this size 


Branching. A great 
many stoma branch and 
thereby increase the 
number of leaves and 
flowers which the stem 
can advantageously sup- 
port. Since buds gro\V 
in the^ axils of the leaves, the arrangement of the branches would 
be the same as that of the leaves if all buds produced branches. 
Usually, however, many of the buds fail to grow. Some plants, as 
is the case with numerous palms (Fig. 123), do not branch at all. 
In many species the main stem continues to grow throughout the 
life of the plant and is very much more vigorous than an}" of 
the branches (Fig. 124). Plants that have this form of growth 
are said to be excurreni. In trees with excurrent growth the main 
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Fic. 122. Top view of a stem of the 
umbrella plant iCyperus flabellifor^ 
mtj), showing three-ranked leaves on 
a twisted stem 

The three rows of leaves can be traced 
by means of the axillary buds, (x §) 


trunk extends as a central shaft 
to the top of the tree, while the 
branches spread from it more 
or less horizontally. This results 
in a conical crown. The oppo- 
site form of growth is known 
as deliquescent (Fig. 125). In 
trees that have this form the 
main trunk is short, while the 
branches divide into smaller and 
smaller branches, producing a 
spreading crown. 

Adventitious buds. Most 
branches originate from buds 
in the axils of the leaves and are 
called axillary branches. Buds 
may, however, arise from the 
internodes, the roots, or even 
the leaves (Figs. 101, 102), es- 
pecially us the result of injury. 



Fic. 123. Coconut palms along a seacoast 
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Such buds are said to 
be adventitious buds, 
and the branches pro- 
duced by them are ad- 
ventitious branches. 
The growth of adven- 
titious buds is made 
use of in the process 
of pollarding, that is, 
the cutting back of 
the tree to the trunk 
to promote a dense 
growth of branches 
which arise from the 
tissue prcxluced around 
the wound. In the 
case of the willow, pol- 
larding produces slen- 
der branches, which 
are used in making 
baskets. In propaga- 
tion by root cuttings, 
which is practiced in 
some species, advan- 
tage is taken of the 
fact that some roots 
produce adventitious 
buds. 

THE TWO TYPES OF 
STEMS 

Flow^ering plants, 



Fig. 124. Exeurrent crown of Casuarina 



Fic. 125. Deliquescent crown of a rain tree 
{Enterolobium saman) 


as previously noted, 
are divided into two 
general classes, mono- 


The niin tree is a native of tropic^al America 
and is one of the most widely used tmpical trees. 
Sec Fig. 108 


cotyledons and dicotyledons. Monocotyledons are plants that have 


one cotyledon, or seed leaf, and dicotyledons those that have two 
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cotyledons. The cotyledons are the first leaves produced by 
plants, and are usually found in the seed. When there are two 
they are opposite each other, but plants with two seed leaves fre- 
quently do not have their subsequent leaves opposite each other. 
The leaves of dicotyledons have netted veins (Fig. 16), while 
those of monocotyledons usually have parallel veins (Fig. 16). 
If a dicotyledon reaches any considerable size, it has a bark which 
can be readily stripped from the remainder of the stem, while 
monocotyledons do not have bark. Stems of monocotyledons 
reach a certain diameter and then do not usually become thicker, 
while stems of dicotyledons generally continue to grow in thick- 
ness as long as the plant lives. The floral parts of monocoty- 
ledonous plants are usually arranged in threes or in multiples of 
three, while in dicotyledonous plants the numbers vary, but they 
rarely occur in threes or multiples of three. The most important 
monocotyledons are grasses (including bamboos, sugar cane, and 
all cereals such as corn, rice, and wheat, but not buckwheat; 
sedges (plants which resemble the grasses in appeanance) ; palms 
(Fig. 123) ; members of the lily family and related families ; 
orchids ; aroids ; and members of the ginger (Fig. 206) and banana 
(Fig. 91) families. Dicotyledonous plants are much more numer- 
ous and include all ordinary trees, shrubs, and many small plants. 
The structure of the stem of a monocotyledonous plant is, as we 
shall see, very different from that of a dicotyledonous plant. 


ANATOMY OF DICOTYLEDONOUS STEMS 

General regions. In young dicotyledonous stems there are 
three distinct regions (Fig. 126). The outermost is the epttfer- 
tais. Within the epidermis there is a zone that has the shape of 
a hollow cylinder and is known as the cortex. The center of the 
stem is occupied by a solid column, the stele. 

Epidermis. The epidermis of the stem resembles that of the 
leaf very closely in both structure and function. It consists of 
a single layer of cells and is the outermost layer of the stem. It 
contains stomata and produces various types of trichomes. The 
outer cell walls are greatly thickened and heavily cutinized (Figs. 
129, 130). The epidermis serves chiefly for restricting the rate of 
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Parench]rma. The parenchyma cells of the cortex have the 
general structure and functions characteristic of parenchymatous 


cells (Figs. 126-130). Such 
cells are not highly special- 
ized in structure for the 
performance of any par- 
ticular function, but may 
be regarded as general- 
ized cells which carry on 
to a limited extent all the 
usual functions of cells. 

Parenchyma cells are 
ordinarily regular in shape, 
have comparatively thin 
walls, and arc not greatly 
elongated in any direction. 
They are living cells and 
contain a mcxlerate amount 
of protoplasm. When they 
arc exposed to the light 
they develop chloroplasts 
and are known as chlo- 
renchynia cells. (Iiloren- 
chyma cells are thus only 
a special kind of paren- 
chyma cells. The paren- 
chyma cells in the cortex 
of a stem are near enough 
to the light so that some 
or all of them develop 



Fig. 128. Cross section of a portion of stem 
of castor-oil plant { Rictnus communis), show^ 


chloroplasts and perform 
photosynthesis. 

By being distended \^ith 
water(turgid), parenchyma 
cells frequently help in giv- 
ing rigidity to an organ. 


ing a vascular bundle and the tissues around 
and external to it 

e, epidermis; c, collenchyma ; pc, paren- 
chyma of cortex; st, starch sheath; sc, 
sclerenchyma of }>ericyole ; pp, parenchyma 
(»f t>ericycle ; p, phioem ; ca, cambium ; 
r, xyiem vessel; r, pith ray. (X 180) 


This function of parenchyma cells is important in succulent stems 


and in the young parts of the stems of woody plants before strong 
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mechanical tissues have been developed. The rigidity produced 
by the turgor of the parenchyma cells is particularly useful in 
maintaining the form of the younger parts of herbaceous and 
climbing stems. It is of little or no help in dicotyledonous stems 
that have developed a massive column of wood. 



Fig. 129. Longitudinal section of a portion of a stem of Aristolochia elegans 

e, epidermis ; c, cortex ; co, collenchyma ; cl, chlorenchyma ; p, pericycle ; sc, 
Bclerenchyma ; pa, parenchyma ; ph, phloem ; st, sieve tube ; cc, companion 
cell ; ca, cambium ; x, xylem ; f/t>, pitteil vessel ; av, annular vessel ; sv, spiral 
vessel; pi, pith, (x 190) 

Parenchyma cells serve for the slow conduction of water and 
food. In the case of the cortex of the stem it is evident that the 
water which is received by the collenchyma and the epidermis 
must; be conducted through the parenchyma. 

The parenchyma is the special storage tissue of plants. In gen- 
eral the parenchyma of the cortex is less important than the paren- 
chyma of the stele as a food-storage tissue, but food is frequently 
stored in it to some extent. 
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Collench 3 rtna. On the inside of the epidermis there is usually a 
band of collenchyma (Figs. 126-130). The cells of the collenchyma 
are modified parenchyma cells with cellulose walls thickened at 
the angles where three or more cells are in contact (Fig. 27). The 
collenchyma resembles parenchyma in being alive and in having a 


moderate amount of pro- 
toplasm. The chief func- 
tion of collenchyma cells 
is to serve as strengthen- 
ing material in succulent 
organs which do not de- 
velop much woody tissue, 
or in the soft young parts 
of woody plants before 
stronger tissues have been 
developed. They are es- 
pecially fitted for giving 
strength to young, grow- 
ing organs, since the thick- 
ened parts of the walls 
have considerable rigidity, 
while the thinner parts 
allow for an exchange of 
materials between the cells 
and for the stretching and 
growth of the cells. The 
collenchyma cells of stems 
sometimes contain chloro- 
plasts and carry on photo- 



Fic. 130. Diagrammatic combined cross and 
longitudinal sections of stem 


р, pith ; X, xylem ; st\ spiral vessel ; at’, an- 
nular vessel ; pr, ])itted vessel ; c, cambium 
region ; p/i, phloem ; st, sieve tube ; pc, peri- 
cycle ; sc, selerenchyma ; pp, parenchyma ; 

с, cortex ; ss, starch sheath ; pc, parenchyma 
of cortex; co, collenchyma ; c, epidermis 


synthesis. 

Sclereiich]ri]ia. Thick-walled dead cells known as selerenchyma 
are found in the cortex of some stems. There are two varieties of 


these selerenchyma cells : short or irrcRularly shaped cells, known as 
stone cells, and selerenchyma hbers. Selerenchyma fibers are long, 
thick-walled dead cells (Fig. 131) and serve as strengthening mate- 
rial. Stone cells give stiffness to the cortex and, when they form a 
more or less continuous layer, may take the place of the epidermis 
after the part of the cortex which is exterior to them has disappeared. 
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Stele of dicotyledonous plants. The part of the stem inside of 
the cortex is known as the stele (Figs. 126-130). This consists of 
three general regions. In the center is the pithy composed of thin- 
walled parenchyma cells. This central pith is surrounded by the 

vascular-bundle region, which is com- 
posed of vascular bundles separated by 
radial rows of parenchyma cells known 
as pith rays. Outside of this is the 
pericycle. 

Pith. In a dicotyledonous plant the 
center of the stem is composed of thin- 
walled parenchyma cells and is known 
as the pith (Figs. 126, 129, 130). The 
cells of the pith are very similar to 
other parenchyma cells and have the 
same general functions. In perennial 
plants pith is frequently a transitory 
structure. 

Vascular bundles. Around the pith 
are the vascular bundles, which, as 
seen in cross section, are arranged in 
the general form of a broken ring. 
Each consists of three parts (Figs. 126- 
130). That nearest the center of the 
stem contains thick-walled cells and 
is known us xylern. The jxjripheral 
portion of the bundle is composed of 
thin-walled cells called phloem. The 
xylern and phloem are separated by a 
cambium layer, which is composed of 
meristeinatic cells. By division the 
cambium layer increases the size of 
bundles by forming xylern cells on the 
inner side and phloem cells on the outer side. In some stems the 
bundles are separate and run the length of the internode. In others 
they are more or less united and form a hollow cylinder in which 
the pith rays occur as radiating plates with slight vertical extension 
(Fig. 165). 



Fic. 131. Sclerencliytna fibers 
from a leaf of a century plant 
(Agave cantula) . ( X 300) 
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Xylem. The xylem which is formed before the activity of the 
cambium has begun to produce xylem and phloem cells is called 
primary xylem. This primary xylem is composed of two parts. 
The xylem formed first is nearest the interior of the stem and is 
called proioxylem. The more peripheral part of the primary xylem 
is known as rnetaxylem. 

Xylem is composed of three different types of cells: namely, 
iracheary cells^ which include tracheids and vessels ; wood fibers ; 
and wood parenchyma. 

y'^Tracheary elements. The tracheids are elongated dead cells, 
•with walls that are thick in some places and thin in others. They 
fcerve to conduct water, or both as water-conducting and as 
strengthening cells. The thin places in the walls allow water to 
pass readily from cell to cell, while the thickened portions protect 
the cells from being crushed by the pressure of the surrounding 
tissues. As the tracheids are dead cells and without protoplasmic 
contents, they cannot develop turgidity, and so if the walls were 
uniformly thin the pressure of the neighboring cells would cause 
them to collapse. The walls of the tracheids are heavily impreg- 
nated with lignin. This material serves to strengthen them with- 
out greatly interfering with their permeability. 

Vessels are composed of rows of tracheary cells the cavities of 
which are connected by the total or partial disappearance of the 
cross walls. The diameter of vessels is usually much greater than 
that of tracheids, and, as they form long tubes, they constitute the 
principal water-conducting elements of the dicotyledonous stem. 

Tracheary cells may be divideil into several types according to 
the method by which the walls are thickened (Figs. 129, 130). 
Annular tracheary cells have thickenings in the form of rings, 
while spiral tracheary cells have spiral thickenings. Pitted tra- 
cheary cells have walls which are uniformly thickened except for 
thin places in the form of pits. When the pits are long and narrow 
and lie horizontally one above the other, the tracheid or vessel is 
said to be scalariform, owing to the ladderlike appearance of the 
thickenings. 

The protoxylem is composed largely of annular and spiral 
vessels and parenchyma, while the tracheary elements of the 
secondary xylem are pitted. Protoxylem is differentiated while 
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the stem is elongating, and so the spiral and annular thickenings 
of the vessels are of special advantage, as they allow the vessels 
to be stretched. The metaxylem and secondary xylem are formed 
after increase in length has ceased, and therefore pitted tracheary 
cells are advantageous, as they have greater strength than spiral 
and annular ones. 

Wood 'fibers. These are long, slender, pointed dead cells with 
greatly thickened walls and only comparatively few small pits 
(Fig. 132). They serve as strengthening cells. Tracheids that 

have a structure approaching that of 
wood fibers are called fiber tracheids. 
These two types of fibers usually make 
up a considerable proportion of the 
wood of dicotyledonous trees. 

Wood parench 3 rina. Parenchyma 
cells in the xylern are designated as 
wood parenchyma. They serve chiefly 
for the storage of food. 

Phloem. The primary phloem of 
the dicotyledonous stems consists of 
three types of cells : sieve tubes, com- 
panion cells, and phloem parenchyma. 
Fic. 132. Wood fibers from Sieve tubes. The sieve tubes con- 
anoak (Qu^t^benneun) . thin-walled, elongated cells ar- 

ranged in vertical rows (Figs. 129, 130). 
The adjacent cells of a sieve tube are united by small holes in the 
cross walls (Fig. 133). Also, sieve tubes have rounded places on 
the side walls which are pierced by small holes and connect one 
sieve tube with another or with a companion cell. The areas on 
the walls of sieve tubes which contain such holes are called sieve 
plates. The sieve tubes get their name from the sievelike appearance 
of these plates. The walls of the sieve tubes are lined with a layer 
of protoplasm, but mature sieve tubes do not contain any nuclei. 

The sieve tubes serve primarily for the conduction of food 
material. The holes which connect the cells of the sieve tubes 
make these tubes especially suited to the conduction of protein. 

Companion cells. The companion cells are small cells which 
are attached to the sieve tubes. Each companion cell is the sister 
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cell of a sieve-tube cell, the two being formed by the division of a 
mother cell. The exact function of the companion cells is more or 
less obscure ; but since they^ are connected by sieve plates with 
the sieve tubes, which contain protoplasm but no nuclei, it would 
appear that the nuclei of the companion cells serve as nuclei for 
the sieve tubes. The small shaded cells in the phloem in Fig. 128 
are companion cells. 

Phloem parenchyma. The phloem contains parenchyma cells 
whose structure is very similar to that of other parenchyma cells. 
These are known as phloem pa- 
renchyma. 

Cambium. While the other 
cells of the stem which are 
formed at the tip are being 
differentiated into permanent 
tissue, a single layer between 
the xylem and phloem remains 
undifferentiated (Figs. 126-130). 

This layer of meristeinatic cells 
is known as the cambium. The 
cambium consists of a single 
layer of cells which, by division, 
gives rise to xylem cells toward 
the center of the stem and 
phloem cells toward the periph- 
ery. The activity of the cambium cells thus enlarges the size of 
the bundles and, in consequence, that of the stem. This process 
is known as secondary thickening ; it will be discussed in detail 
in a later section. 

At first the cambium is confined to the bundles, but later the 
parenchyma cells of the pith rays which lie between the edges of 
the cambium in the bundles divide and form a layer of cambium 
which reaches across the pith rays and connects that in the bundles, 
so that the cambium becomes a continuous cylinder (Fig. 157). 
The beginning of this process is shown in Fig. 126. 

Pith ra3r$« The vascular bundles are separated from each other 
by radial rows of parenchyma cells (Figs. 126, 130) known as pith 
rays. The pith-ray cells are usually elongated in a radial direction. 



Fig. 133. A sieve plate of a squash 
stem (Cucurbito maxima) pierced by 
holes; walls of sieve tube; and sur- 
rounding cells. ( X 110) 
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They serve primarily for the conduction of food and water radially 
in the stem and for the storage of food. Food material which is 
stored in the wood parenchyma is conducted to these ceils by the 
pith rays. The pith rays also serve for the conduction of water 
from the x>dem toward the other parts of the stem. If a pith ray 
from an old stem is stained with iodine, it will usually be found 

to contain numerous 
^ ' starch grains.^ 

Pericycle. The re- 
gion between the vas- 
cular bundles and the 
cortex is known as the 
pericycle. It is ordi- 
narily composed of pa- 
renchyma and scleren- 
chyma cells, but the 
sclerenchyma cells may 
be absent. The scle- 
renchyma may occur 
as separate patches 
(Figs. 128, 130) or as 
a continuous ring in 
the outer part of the 
pericycle (Fig. 126), 
forming a sharp line 
of demarcation be- 
tween the stele and 
the cortex. The scle- 
renchyma cells in the 
pericycle are like other sclerenchyma cells (Fig. 131) in being long, 
thick-walled dead cells which serve as strengthening material. 

Variations in stem structure. The above description of the 
structure of stems applies to the great majority of dicotyledonous 



Fic. 134. Cross section of a bicollateral bundle of 
a squash stem, showing phloem on both sides of 
the xylem. ( X 95) 

p/i, phloem : c, cambium region ; a,, xylem vessel 


» The term wood ray is proposed in place of pith ray by some modern anata> 
mists, on the ground that these rays do not belong to the pith, but that the parts 
of the rays between the primary xylem represent tracheids which have been trans- 
formed into parenchyma cells. Owing to the widespread use of the term pith ray in 
literi^ture it ae^ma convenient to retain it, even though from the standpoint of 
origin it may be inappropriate. 
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plants, but there are a few which show minor variations. If these 
few exceptional cases are left out of consideration, the general 
structure of dicotyledonous stems is remarkably uniform. The 
relative development of the various parts, however, varies greatly 
in different species. In some cases the pith is wide, while in 
others it is narrow. It may be wide and transitory and its early 



Fig. 135. Successive stages in the formation of a resin duct in pine. ( X 250) 

disappearance result in a hollow stem. The vascular bundles vary 
considerably in number and size, while the pith rays and cortex 
vary in width. Thus, while there is a remarkable uniformity in 
the general plan of the dicotyledonous stem, there are at the same 
time considerable differences in detail. 

Bundles which have the phloem only on the outside of the xylem 
are called collateral bundles. The bundles of some plants have 
phloem on both the outside and the inside of the xylem (Fig. 134) 
and are known as bicollateral bundles. 
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Fic. 136. Longitudinal section of oil gland in orange peel. ( X 450) 


Resin ducts. Many plants contain intercellular passages filled 
with resinous substances and known as resin ducts. They are 
formed either by the separation of neighboring cells (Fig. 135) 
or by the disinte^ution of cells. Turpentine is obtained by cutting 
through the resin ducts of pine trees, after which the turpentine 
exudes and is collected. Various kinds of varnish and other resins 
are obtained by the same method from other trees. 

Resin ducts are, essentially, long passages surrounded by glan- 
dular cells. They occur not only in stems but also in other parts 
of plants. 






Fig. 139. Stages in formation of latex tube in Achras sapota^ the tree that yields 
the gum which is the basis of chewing gum (see Fig. 357). (After Karling) 
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Internal glands. Resin canals are one type of internal gland, 
of which a number of other forms occur in various plant organs. 
Internal glands frequently contain essential oils. These oils are 
volatile and are usually very odoriferous. Well-known examples 



Fic. 140. Growth of latex tubes in 
developing embryo of Euphorbia 
exigua. All sections are longi- 
tudinal except the lower left, 
which is a cross section. (After 
Chauveaud ) 


are eucalyptus oil and the oil from 
orange peel. The latter occurs in 
large oval glands. These glands orig« 
inate in the splitting apart of certain 
cells, but are formed largely by the 
breaking down of cells containing 
the oil. The disintegration of the 
cells brings the oil into the large 
cavity of the gland (Fig. FIG). 

Latex tubes. Milky juice (latex) 
is found in long branching tul)cs 
known as latex tubes (Fig. 137). 
In many cases neighboring tulxis 
become connected, thus forming a 
network (Fig. 138). When these 
tubes are cut, the latex exudes as a 
milky-looking watery juice, gener- 
ally white. Rubber, gutta-percha, 
opium, gum chicle (the chief base of 
chewing gum), and other valuable 
substances are derived from coagu- 
lated latex. The tapping of rubber 
trees consists in cutting the tubes 
and allowing the latex to exude. 

Latex tubes are formed in two 
very dififerent \vays. In some cases 
row%s of cells lose their cross w^alls 


and become transformed into latex tulx*s (Fig. 139) ; as in Pard 
rubber {Hevea brasiliensiH). In other cases the tubes are not part 
of the tissues produced from either the apex of the stem or the 
cambium, but result from the growth of tubes found in the seed- 
ling (Fig. 140). As the stem grows in length, or as other organs 
are foraied, these latex tubes also grow and push their way be- 
tween the cells of the newly formed tissues. 
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Summary of Principal Tissues in a Dicotyledonous Stem 

Epidermis 
Epidermal cells 
Ouard cells 
Trie homes 
Cortex 

Collenchyina 
Parenchyma 
Starch sheath 
Stele 
Pericycle 
Parenchjmia 
Sclerenchyma 
Pith rays 
Pareiicimna 
Pith 

Parench>nna 
Avascular bundles 
Pliloem 
Sieve tubes 
Companion cells 
Phloem parenchyma 
Cambium 

Meristematic cells 
Xylein 

Trachear>' cells 
Vessels f Spiral 

and \ Annular 

Tracheids [ Pitted 
Wood fillers 
Wood parenchyma 


ANATOMY OF MONOCOTYLEDONOUS STEMS 

Monocotyledonous stems are similar to dicotyledonous stems 
in having an epidermis, a cortex, and a stele. The cortex may be 
well developed and sharply marked off from the stele, or it may 
be very narrow and inconspicuous (Fig. 141). It is in the structure 
and arrangement of the bundles that monocotyledonous stems 
differ markedly from dicotyledonous stems. 
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Stele. The vascular bundles of nionocotyledonous stems, in- 
stead of being apanged in a cylinder as in dicotyledonous stems, 
are usually scattered throughout the stele, including the pith, so 
that there is no distinction between pith and pith rays ^Figs. 141, 



Fic. 141. Cross section of a monocotyledonons stem, Zea mays. The dark oval 
areas are cross sections of vascular bundles. The cortex is a thin layer com- 
posed of one or two layers of cells between the epidermis and the outermost 
series of vascular bundles 

142). Sometimes the center of the stele is free from vascular 
bundles and is occupied by parenchyma cells, which dry up and 
disappear at an early stage, resulting in a hollow stem, as in most 
grasses, including most bamboos. 

Vascular bundles. The vascular bundles of monocotyledonons 
stems are like those of dicotyledonous stems in consisting of xylem 
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toward the center of 
the stele and phloem 
toward the periphery. 
They differ, however, 
in not having a cam- 
bium layer, such as 
is found in dicotyle- 
dons (Fig. 143). This 
is connected with the 
fact that monocotyle- 
dons usually do not 
have secondary thick- 
ening. Isach bundle is 
generally more or less 
completely surrounded 
by a sheath of scleren- 
chyma cells, the bun- 
die sheath (Figs. 143, 
144), which is particu- 
larly well develoiied 
on the sides toward 
the center and toward 
the periphery of the 
stem. The phloem 
is made up mostly of 
sieve tubes and com- 
panion celts, and the 
xylem of vessels and 
wood parenchyma. 

The strands of scle- 
renchyma an)iind the 
bundles of some plants 
are extracte<l and used 
in various wa^*^ as fibers. 
Maguey and sisal fil>ers 
arc the strands of scle- 
renchyma around the 
bundles of the leaves of 



Fic. 142. Vascular bundles dissected om of an 
Internode of sugar cane. ( X 1) 



Fig. 143. Cross section of a vascular bundle of 
sugar cane iSaccharunt officinarum) 


p, parenchyma ; s, selerenchyma of bundle sheath ; 
o, air siMice ; annular vessel ; spiral vessel ; 
pf% pitted vessel; sty sieve tube; sp, sieve plate; 
c, companion cell, (x 185) 
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siiecies of Agave (Fig. 131), while abaca (Manila hemp) is composed of 
similar strands from the leaf bases of M usa texiilis^ a plant which is almost 
identical with the banana in appearance. 

The arrangement of the different elements in the bundles of corn and 
sugar cane is characteristic of many monocotyledonous bundles (Figs. 
143, 144'). In these cases the bundles are surrounilcd by a sclerenchyma 
sheath which is widest on the sides toward the center and toward the 



Fig. 14*1. Longitudinal section through a vascular bundle of sugar cane 
( Saccharum officinarum ) 


p, parenchyma ; «, sclerenchyma of bundle sheath ; a, air space ; av, annular 
vessel ; nv, spiral vessel ; sieve tube, (x 150) 


periphery of the stem. On the side near the interior of the stem, just 
within the bundle sheath, there is usually a conspicuous air space. Next 
to this there are frequently two elements of the protoxylein ; the first 
is an annular vessel and the second is a spiral vess«d. On both the right 
and the left side of the bun<lle Is found a large vessel which is pitte<l or 
narrowly reticulate. Between the larger vessels are smaller, tracheary 
elements. The phloem i.s next to the ix^ripheral part of the bundle sheath 
and contains conspicuous sieve tubes and companion cells. 

The number of vessels varies in monocotyledonous bundles. In many 
cases there is only one large vessel, instead of two as in com and sugar cane. 
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COURSE OF BUNDLES IN STEMS 

A bundle extends up the stem and then passes out into a leaf. 
The bundles from leaves in the upper part of the stem enter the 
stem, pass down, and at a lower node join with other bundles. In 
this way the vascular elements in the stem become connected with 
new leaves. At the nodes bundles branch 
and branches of different bundles coalesce 
(Fig. 145). 

ANATOMY OF CONIFEROUS STEMS 

In coniferous stems the general arrange- 
ment of the various tissues is very similar 
to that in dicotyledonous stems. The same 
tyjxi of secondary thickening occurs in both 
kinds of stems. The most conspicuous dif- 
ferences are that the xylem of conifers con- 
tains only tracheids and wood parenchyma, 
and that companion cells jire not found in 
the phloem. 

Since the xylem of conifers does not con- 
tain fibers or vessels (Fig. 140), the tracheids 
serve lx)th as water-conducting and as strength- 
ening elements. Tracheids are not so well 
fitted for conducting water as are vessels. 

The small size and xerophytic structure of 
coniferous leaves (Fig. 991) probably have 
some connection with the absence of vessels in coniferous stems. 
Most coniferous trees (Figs. 990, 995, 260) retain their leaves for 
several years — in temix^rate countries throughout the long, cold 
winter, when the dicotyledonous trees lose their leaves. In the 
discussion of leaves it wixs pointed out that the loss of leaves by 
deciduous trees is a method of restricting the rate of transpira- 
tion at times when the roots are not able to absorb (mough water 
to replace that which would be lost by the foliage. The deciduous 
tree without its leaves is one of the most perfectly protected of 
plant structures, since all the exposed portions are effectively 



Fic. 145. Course of 
buntlles in stem of 
Clematis verticellaris 

Modified after Xagali 
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covered by the impervious bud scales and bark. The low rate of 
transpiration from coniferous leaves is probably connected with 
the ability of these trees to retain their foliage throughout the 
cold winter. At such times coniferous trees have some advan- 



Fic. 146. Cross section of a small portion 
of the wood of a redwood tree, showing 
xylem on both sides of a pith ray 

The small cells in the lower part of the 
drawing arc the last of the wood cells 
formed during a summer, w^hile the large 
cells above them are the first xylem cells 
formed during the next spring. The fact 
that much larger ceils are formed in the 
spring than later in the summer results in 
the marking of the wood by annual rings 
of growth, (x 275) 


tage over dicotyledonous 
ones in that they can carry 
on photosynthesis. In the 
tropics conifers very rarely 
occur at low^ elevations, 
while they flourish in high 
mountainous regions where 
the rate of evaporation is 
always low. 


ARRANGEMENT OF ME- 
CHANICAL TISSUES 

Mechanical tissues. The 

plant body obtains strength 
from three general types 
of cells : 

1. Parenrhymn cells^\\h{'nse 
rigidity is due almost en- 
tirely to osmotic pressure. 
Parenchyma tissue is weak 
and so must be present in 
considerable bulk in order 
to give any great amount 
of strength. 

2. Collenchyma ceUs^ which 
arc living cells and have 
their w alls thickened at the 


angles where three or four 
cells meet (Fig. 27). ^^These cells get their rigidity from the thick- 
ened walls as well as from turgor, and are therefore much better 
strengthening material 'ttian are parenchyma cells. As they are 
living cells whose walls can be stretched, they are especially fitted 
for strengthening the growing portions of a plant. 
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3. Thick-walled dead cells (Figs. 131, 132), including the scleren- 
chyma of the cortex and pericycle and the wood fibers. The wood 
fibers are elongated dead cells with very thick walls. Sclerenchyma 
cells are stronger than parenchyma or collenchyma cells, and are 
the principal strengthening material of old stems. As they are 
dead cells with very thick walls, they are not suited to give strength 
to growing parts. Thick-walled tracheids may be very similar to 
sclerenchyma in their mechanical property. 

Girders. The arrangement of the strengthening material is 
different in leaves, in stems, and in roots, and is suited to the 
special stresses which these 
various organs have to 
withstand. In order to 
understand this arrange- 
ment it will be convenient 
to consider the stresses 
occurring in a girder, or 
beam. If a hoiim of wood 
or other material is sup- 
ported at both ends and 
is weighted in the mid- 
dle, the upper surface will 
be subjected to compres- 
sion and the lower surface 
to tension, or stretching. 

Going from the upper surface to the lower, we find that the com- 
pression decreases as the center is approached and at the center 
it becomes zero. The stress is then changed to tension, which 
gradually increases toward the lower surface. It will thus be seen 
that the greatest stresses in a beam are at the upper and lower 
surfaces and the least stress is in the center. For this reason it is 
usual to construct a beam in such a manner that it is more mas- 
sive or composed of stronger material at the upper and lower sur- 
faces than in the center. A usual form is the I-team (Fig. 147). In 
this case the material is expanded at the upper and lower surfaces 
and connected by a much narrow^er portion. The extensions at the 
surfaces are called flanges. In bridgd^ construction the connecting 
portion, known as the ioe6, is frequently made of latticewwk. 



The wide portions at the top and bottom are 
the flanges ; the narrow connection is the web 
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Mechanical tissues in leaves. In a leaf we have different con- 
ditions from those just discussed, in that the leaf is supported at 
only one end. The weight of the leaf gives it a tendency to bend 

downward so that its upper surface 
is stretched, or under tension, while 
its lower surface is under compres- 
sion. As in the other case, the great- 
est stresses are at the upper and 
lower surfaces and the least stress 
is in the center. This arrangement, 
therefore, calls for longitudinal gird- 
ers in which the strongest material 
is near the outer surfaces. The mid- 
rib and larger veins of the leaf rep- 
resent the girders. The principal 
strengthening material in these is 
usually collenchyma, and this is gen- 
erally found as a broad band near the 
upper and lower surfaces just within the epidermis (Fig. 26). The 
collenchyma, therefore, represents the flanges of an I-beam, while 
the tissues between the two bands of 
collenchyma represent the web. The 
larger veins of grasses usually have 
sclerenchyma near the upper and lower 
surfaces, and so act as girders (Fig. 33). 

Mechanical tissues in stems. If a 
column, such as a tree trunk, were sup- 
porting an evenly distributed weight, 
the manner in which the strengthen- 
ing material was arranged would, the- 
oretically, make comparatively little 
difference. The only stress would be a 
downward pressure, or compression, 
the resistance to which would depend 
more on the cross-sectional area than on the arrangement of the 
strengthening material. Actually, however, such a condition is sel- 
dom attained. When in addition to the vertical pressure of grav- 
ity there is a sidewise pressure, as that of wind or of an animal, 



Fig. 149. Diagram showing ar- 
rangement of vascular bundles 
and collenchyma (dotted area) 
in a four-cornered stem 



Fig. 148. Diagram of cross sec- 
tion of a compound girder com- 
posed of I-beams, the webs of 
which have a common center 
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the side toward the pressure tends to become stretched, or de- 
velops tension, and the opposite side is subjected to compression. 

So too when the stem of a plant 
becomes inclined, as by the action 
of the wind or by the weight of 
the branches, the side that is 
uppermost is under tension and 
the lower side under compres- 
sion. It therefore becomes im- 
portant to have the strengthen- 
ing material distributed near the 
upper and lower surfaces, or, in 
other words, in the form of an 
I-beam. As the plant is likely to 
bend in any direction, however, 
and thus may develop stress on 
any side, it is advantageous to 
have a number of these girders, with the webs crossing each 
other and the center of each at the center of the stem (Fig. 148). 
In the four-cornered stems of such 
plants fis the mints or coleus the 
comers are occui)ied by a conspicu- 
ous development of collenchjmia 
(Figs. 149, 150), wliich thus forms 
the flsinges of two I-beams, the webs 
of which are crossed. The large 
vascular bundles arc near the cor- 
ners, so that the phloem is protected 
by being tetween tie xylem and the 
collenchyma.^ In many plants there 
are strands of sclerenchyma outside 
of each vascular bundle (Fig. 151), 
and in such cases two strands on 
opposite sides of the stem represent 
the flanges of an I-beam. This scle- 
renchyma which is near a bundle not 
only serves as one of the flanges of an I-beam but also is in a 
position to protect the delicate elements of the phloem. When 



Fic. 151. Diagram of a dicoty- 
ledonous stem, showing scle- 
renchyma (hatched areas) just 
outside of each bundle, and col- 
lenchyma (dotted area) form- 
ing a hollow cylinder within the 
epidermis 



Fig. 150. Diagram showing shape of 
collcnchyma in a lour-cornered stem 
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the edges of the flanges of such a compound girder as that shown 
in Fig. 148 are connected, there is no necessity for the webs ; and 
if they are absent, a hollow cylinder results. This type of construc- 
tion is very frequently found in plants and is particularly evident 
in hollow stems, such as those of most grasses. In many plants 
the sclerenchyma is arranged in the form of a hollow cylinder 
(Figs. 126, 153). Such hollow cylinders are, as a rule, near the outer 

surface of the stem. The strengthen- 
ing material of the growing part of 
a stem is usually colienchyma, and 
this is generally arranged in the form 
of a hollow cylinder just within the 
epidermis (Figs. 151, 152, 153). 

The foregoing di.scussion of the 
arrangement of the strengthening 
material in the stem applies particu- 
larly to herbaceous and young stems. 
In the case of trees the development 
of a massive column of wood takes 
the place of the strengthening mate- 
rial that was used in the young stem. 

Tissue tensions. The location of 
thick-walled mechanical cells near 
the periphery of an organ with thin- 
walled parenchyma cells in the cen- 
ter gives rigidity in another manner 
besides that just considered. Thick- 
walled cells, particularly dead scle- 
renchyma cells,, offer considerable 
resistance to any tendency to stretch them. On the other hand, 
thin-walled parenchyma cells tend to stretch, owing to their tur- 
gidity. The stretching of the parenchyma is, however, checked 
by the strong, thick-walled cells, which are themselves under 
tension owing to the tendency of the parenchjrma to stretch 
them. These two strains, working against each other, produce 
rigidity in somewhat the same way as in a turgid cell, in which 
the contents, which have a tendency to swell, are compressed 
by the stretched cell wall, or as in a rubber tube when air or water 



Fig. 152. Diagram showing ar- 
rangement of colienchyma (c), 
forming a hollow cylinder at 
the periphery of the stem, and 
of sclerenchyma (s), exterior 
to each vascular bundle and 
forming an interrupted cylin- 
der. (Compare with Fig. 149; 
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is compressed within the tube. The compression of inner by outer 
tissues can very easily be demonstrated with stems or petioles of 

many herbaceous plants. Fig. 154 
shows a piece of a large petiole 
which was cut off evenly at both 
ends, after which the outer and 
inner parts were separated at the 
upper end by a cylindrical cut. 
The central portion, which was 
under compression, being freed 
from the outer part, elongated and 
so projected beyond the latter, 
which contracted slightly. 

Mechanical tissues in mono- 
cotyledonous stems. In many 
monocotyledonous plants the ar- 
rangement of the strengthening 
Fic. 153. Diagram showing ar- material is verv similar in princi- 

ranpcment of roHenchyma (c). jg reinforcing of concrete 

forming a lioliow cylinder at t ® 

the periphery of the stem, and ^ Concrete 

sclerenchyma (s), forming one structure. The 
exterior to the bundles ( Com- concrete with- 
pare with Fig. 15 H , 

stands com- 

pression, while the iron rods withstand the 
tension due to movement etc. In monocoty- 
ledonous plants the parenchyma withstands 
the compression, while the sclcrenchyraa 
strands, which are connected with the Viiscu- 
lar bundles, withstand the tension (Fig, 141). 

A verj'^ excellent example of this is abacd,, or 
Manila hemp. This plant, whose appearance Demonstra- 

and structure are almost identical with those tion of tissue tension 
of the banana (Figs. 91, 92), has a massive in a petiole of elc- 
trunklike portion composed largely of the ( x^jT*** 

soft tissues of the leaf bases, through which 
run the long sclerenchyma strands that are the abacd of commerce. 
The sclerenchyma can withstand considerable tension, while the 
massive development of parenchyma withstands the compression. 
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Mechanical tissues in roots. The roots of a plant serve to 
anchor it in the ground. They act like cables, and the principal 
stress to which they are subjected is longitudinal tension, or pull. 
It is evident that when a plant is bk)wn by the wind the roots on 
the side from which the wind is coming are subjected to longi- 
tudinal tension, and if they are not strong enough to withstand 
this they break and the plant is blown over. The best arrange- 
ment of material to withstand this type of stress is in the form of a 
cord. In roots the vascular bundles and strengthening materials 
are usually much more centrally located than they are in the stem, 
the center being frequently occupied by thick-walled elements. 
Compare Figs. 126 and 225. 

xMOVEMENT OF MATERIALS IN STEMS 

Food materials. Proteins dissolved in water travel in the sieve 
tubes. The direction of the movement may be either up or down, 
according to where the protein is to l)e used or stored. 

The carbohydrates travel in the phloem. What has Ix^en said 
of the direction of movement of proteins applies also to the car- 
bohydrates. The carbohydrates move from cell to cell only when 
they are in solution in water. 

Carbohydri^es in vessels. While carbohydrates usually move 
in the phloem, rtfcy are frequently found in considerable quan- 
tities in the-vessels when food material is lx?ing transported on a 
large scale from storage regions to rapidly growing organs, in 
deciduous trees at the beginning of the period of growth, when the 
leaves are expanding. In such cases the carbohydrates diffuse from 
the parenchyma into the vessels and are carried upward to the 
expanding foliage or inflorescences. This is conspicuously true of 
the sugar maple, and explains why a solution of sugar is obtained 
from this tree by boring into the wood in the spring. A similar 
phenomenon is observed in the exudation of sweet sap from tapped 
inflorescence stalks of palms, such as the coconut (Figs. 155, 156). 
Such sap is frequently used for manufacturing alcohol or sugar. 

Water. The movement of water upward in the stem takes place 
in the vessels. This can be very clearly shown by cutting off a 
stem and placing the lower end in a colored solution. If the stem 




Fig. 155. Coconut palm with inflorescences cut and bound to be inserted in 
bamboo joint for collecting sweet sap 



Fig. 156. Coconut palm with bamboo tubes, for collecting sweet sap, attached 
to inflorescence stalks 




156 The Plant Kingdom 

is cut across, it will be found, after sufficient time has elapsed, that 
the colored solution is inside the vessels. Water enters the outer 
cells of the roots, passes through the cortex into the stele, and 
enters the vessels. It then passes through the vessels of the root 
to those of the stem, and through these to the leaves, flowers, and 
fruits. The loss of water by transpiration from the chlorenchyma 
cells tends to increase the concentration of the contents of these 
cells. By osmosis and hydration of colloids the chlorenchyma cells 
draw water from the vessels, and so replace that which is lost 
through transpiration. 

The mechanism l)y which the water moves up the vessels is in dispute. 
In the case of plants which reach great heights, in some ca.ses one hundred 
meters or more, the source or apphcatK)n of energy to lift the water is one 
of the great puzzle.s to plant physiologists. 

The ultimate source of energy may be sought in the rarliant energy 
from the sun which is absorbeil by the leaves and u.sed to evaiK>rate the 
water lost in transpiration. The energ>' usefl in eva|K)rating the water is 
a great deal more than that called for to lift the water to the tops of the 
tallest trees. There is therefore no real puzzle as to the source of energy. 
The water is eva|K)rated from the cells of the chlorenchyma into the inter- 
cellular spaces of the leaf. The chlorenchyma cells replace the water as 
it is evaporated by withdrawing w^atcr from the xylem of the veins and 
veinlets of the leaf. The energy to withdraw' the w'ater from the veins 
and veinlets is provided by the osmotic pre.ssure existent in the chloren- 
chyma cells and increa.se<l by the evaj^oration of water in transpiration. 
As a matter of fact the pres.«<ure.s in these cells are in excess of that re- 
quired U) explain the height to which the w’ater is lifted. The more signifi- 
cant and ai)plicablc fact is that the osmotic tensions are many times 
sufficient to withdraw' water against any tension under w'hich it is demon- 
strably present in the veins and veinlets. 

It will suffice here to mention l)riefly theories which have l)een pro- 
posed to account for the rise of water in tall trees. 

Root pressure. When plants are not actively transinring and the stem 
is cut off near the root, w'ater may exude from the cut stump. This water 
is forced out by turgor pressure in the root. However, when plants are 
transpiring actively there is no such exudation of water and, in fact, if 
water is placed on the cut stump of the tree it will enter the vessels. 
Root pressure may influence the upward movement of materials in a 
leafless stem in spring in temperate countries. Root pressure cannot, how- 
ever, be invoked as an explanation of the movement of the transpiration 
stream, as it is not operative in the stem when transpiration is most active. 
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Capillarity. In fine tubes water will rise by surface tension to heights 
which depend upon the fineness of the tube. The vessels of plants are 
very fine tubes ; not, however, fine enough so that the recognized physics 
of capillarity as applied to this problem seem to suffice to account for the 
lifting of water to any considerable fraction of the height to which it does 
ascend. 

Atmospheric pressure. As water is lost by the leaf, the leaf by means 
of osmotic pressure draws water from the vessels, and so there is a tend- 
ency to produce a vacuum. It has been explained that atmospheric pres- 
sure acting on the water in the soil forces the water up the stem to replace 
that lost by evaixiration. An objection to this theory is that the atmos- 
pheric pressure is not known to raise water more than about ten meters 
and there are trees which are a hundred meters or more in height. 

Cohesion. The theory which has been most generally accepted is the 
cohesion theory. This theory Is based on two factors which are generally 
accepted as facts. The first is that the osmotic force with which the leaves 
draw water from the vessel to replace that lost by transpiration is sufficient 
to lift the weight of the water which moves thn)ugh the stem and also to 
overcome any resistance due to friction etc. The second is that in very 
small solid columns water holds together with great tenacity. In fact in 
capillary tubes a column of water will hold together with sufficient force 
sc that a column as long as the height of the tallest tree could be lifted 
l)y a pull at the upj)er end. An objection which has been raised to the 
cohesion theory is that the water does not occur in the vessels as solid 
columns, because larger or smaller air bubbles are found in the vessels, and 
that water moves around these. It is argued that these air bubbles and 
also tlie movement of trees by the wind would cause the column to break. 
The claim is made, however, that solid columns of water have been demon- 
strated in small plants. While the cohesion theory is widely held, the objec- 
tions to it have never been met satisfactorily enough to cause its universal 
acceptance. 

Diffusion of water vapor. A very recent theory makes use of air 
bubbles in the vessels. This theory starts with the evident truth that all 
water in the plant is continuous, that in adjacent cells being continuous 
through the cell walls, that in vessels l)eing continuous through the cell 
walls with that in surrounding cells, and so on througliout the whole plant. 
The water lining the vessels is thus continuous with that in all parts of the 
leaves and stems. WTiere a cell is deficient in water, water will be drawm 
from a neighboring cell to make good the deficiency. In turn, the cell 
which has given up water will again draw^ w'ater from another cell. The 
cells in contact with vessels will draw water from them. That water is so 
drawn we know to be true. The rapid movement of water in the vessels of 
the stem is explained as being due to the movement of water in the form 
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of water vapor. In an air bubble enclosed in a vessel with wet walls, there 
would be a tendency for the air bubble to be saturated with water vapor 
due to the eva()oration of water from the wet walls. Gases diffuse rapidly, 
and so water in the form of water vaiK>r should diffuse rapidly through an 
air bubble in the vessel. As water is drawn from one part of a vessel, there 
would be a tendency for this water to be rei)laced by the condensation of 
water vapor from the vessel, while the water which condenses would be 
replaced by evaporation from a more moist portion of the vessel. 
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Fic. 157. A cross section of a young stem of a tropical tree, ylang-ylang (Canofi- 
gium odoratum) , in which there has been some secondary thickening 

The wood is composed chiefly of wood fibers and large vessels. The bark has 
in the phloem an alternation of thin-walled o<^lIs and hast filx^rs. ( x 40) 


SECONDARY THICKENING 


Formattoa of cambium. The vascular bundles of dicotyledons 
contain a single layer of cambium cells, which separates the xylem 
from the phloem (Fig. 126). While the other cells formed by the 
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division of the meristem 
in the tip of the stem 
are being differentiated 
into permanent tissue 
this layer of cambium 
in the bundles remains 
meristematic. When the 
primary xylem and the 
primary phloem are first 
differentiated, there is 
no cambium across the 
pith rays to connect the 
edges of the cambium 
in the bundles. After 
the differentiation of the 
first xylem and phloem 
the cells of the pith rays, 
which lie between the 
edges of the cambium 
in the bundles, divide in 
a plane at right angles 
to the radial direction of 
the rays and form a 
layer of cambium across 
the pith rays. The Ixv 
ginning of this process 
is shown in Fig. 126. 
The newly formed cam- 
bium connects the cam- 
bium in the bundles, 
and this results in the 
formation of a continu- 
ous ring of cambium in 
the region between the 
xylem and the phloem 
(Fig. 157). In trees the 
region outside the cam- 
bium is known as bark. 



Fig. 158. A vascular bundle in a cross section 
of a portion of a young stem of a tropical tree 
iMuntingin calabura) which has undergone 
some secondary thickening 

The xylem is e()miK)se<l largely of vessels and 
wood fibers. In the phloem region there is an 
alternation of bands of thiek-walled bast fibers 
and thin-walletl phloem cells. A secondary 
pith ray is shown in the center of the bundle. 
(X 70) 
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while that inside is known as wood. 
Usually the bark can be readily sep- 
arated from the wood, as the cam- 
bium cells are soft and weak and 
can be easily broken. 

Activity of cambium. The cam- 
bium layer consists essentially of a 
single layer of cells. These cells di- 
vide in a direction parallel with the 
epidennis. Each time a cell of the 
cambium divides into two, one of 
the daughter cells remains meris- 
tematic, while the other is differ- 
entiated into permanent tissue. If 
the cell that is differentiated is ne.xt 
to the xylem it forms xylern, while 
if it is next to the phloem it becomes 
phloem. In this way new cells are 
added to the xylem and the phloem, 
and the bundles increase in siase 
(Figs. 157, 158). While there is more 
or less alternation in the production 
of xylem and phloem cells from a 
cambium cell, more cells are formed 
on the xylem side than on the phloem 
side. 

The cells formed from the cam- 


Fic. 159. Cross section of the sec- 
ondary wood of a linden stem 

Rows of cells extending from top 
to bottom, pith rays ; large, thick- 
walled openings, vessels ; smaller 
empty cells, weiod fibers; small 
cells with gray contents, wood 
parenchyma. An annual ring 
ends with the small cells in the 
lower part of the drawing; an- 
other begins with the large ves- 
sels and ends near the top, just 
below the large vessels of the 
succeeding ring, (x 255) 


bium in the region of the pith VAyu 
become pith-ray cells. The activity 
of the cambium thus increases the 
length of the pith rays, so that the 
bundles and pith rays grow equally. 

The fonnation of new cells from 
the cambium results in an enlarge- 
ment of the stem that is known as 
the secondary thickening. The for- 
mation of new cells in secondary 
thickening continues throughout 
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the life of the plant. It is in this way that the trunks of trees 
continue to grow in diameter. 

After the cells which are to form xylem or phloem are cut ofif 
from the cambium, they undei^o one or more tangential divisions 
before being differentiated into permanent tissue. In this way the 
cambium frequently comes to be bordered on both sides by cells 
which are very similar in appearance to cambium cells. The result 
is that on superficiul 
observation the cam- 
bium appears to be 
several cells thick. 

Bast fibers. Very 
frequently there is in 
the secondary phloem 
an alternation of bands 
of thick-walled scleren- 
chyma fibers (known 
as bast fibers) and 
bands of thin-walled 
phloem cells (Figs. 157, 

1.58). The bast fibers 
arc like other scle- 
renchyma cells in be- 
ing elongated, pointed, 
thick-walled dead cells 
whose function is to 
give strength to the 
group of tissues in 
which they occur. The term bast fiber is fretjuently used in a col- 
lective sense to denote the sclerenchyma fibers of the cortex, the 
pericycle, and the phloem. Stramls of biist fibers have long been 
used by man for industrial purposes, having furnished early sav- 
ages with bowstrings and material for cloth. Among the best- 
known commercial bast fibers are flax (from which linen cloth is 
made), hemp, jute (much used in making coarse sacks), and ramie 
(the so-called China grass). 

Annual rings. In regions with a very pronounced cold season 
the diameter growth of woody plants takes place only during the 



Fig. 160. Cross section of a three-year-old 
linden stem 


In the center is the pith surniunded by three an- 
nual rings of wikhI. In the bark are alternating 
strands of phloem and btist fibers 



Fic. 161. Cross section of a portion of a Fic. 162. Cross section of a 

two-year-old stem of tulip tree {Lirioden- portion of a three-year-old 

dron ttdipifera) stem of tulip tree ( Liriodetu 

, . , . . . tuiipifera) with three 

Near each side is a pnmary pith ray, 
while in the center i« a secondary ray. 

1, first annual ring of wood; 2, second Notice the primary, second- 

gnnual ring of wood; r, pith ray; co, ary, and tertiary pith rays, 

cambium; ph, phloem; s, bast fibers; (x 76) 

Pf parenchyma; c, cork, (x 66) 
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spring and summer, and not in the winter. The wood of one season 
is sharply marked off from that of the next, because the wood 


formed first consists more largely 
of vessels than does that formed 
later, when wood fib(?rs are rela- 
tively more abundant (Figs. 159, 
160). In many trees vessels are 
formed only or largely in the first 
part of the season\s growth. The 
production of the vessels early in 
the season is advantjigeous to trees 
in several respects, and is connected 
with their seasonal activities. In 
actively growing trees the number 
of leaves increases each year, and 
as all the foliage for a year is ex- 
panded during the early part of 
the growing se^ison, additional ves- 
sels are needed at that time to sup- 
ply the increjised foliage. Moreover, 
the vessels in the leaves formed 
during one seastm are directly con- 
nected with the wood produced that 



same season ; so for this reason also 
it is advantageous for the vessels to 
be formed as soon as possible, even 
when, as in trees past their prime. 


Fig. 163. Diagram of secondary 
thickening in a vascular bundle^ 
showing four annual rings, la- 
beled 1, 2, 3. and 4, in xylem 
and phloem 


there is no increase in the number 
of leaves. In the cjise of coniferous 
trees similar conditions obtain, and 
the tracheids formed in the spring 
are much larger than those pro- 
duced in the latter part of the grow- 


On both sides of the bundle pith 
niys run from the pith, while pro- 
gressively shorter and shorter 
rays are found in the bundle. In 
the phloem rt^gion thick-walled 
st'leixMiehyma alternates with the 
phloem 


ing season (Fig. 146). It is thus 


easy to distinKuish [the rinRs of wood fonned in successive years 


in either dicotyledonous (Fig. 160 ) or coniferous trees of the tem- 
perate zones. These rings are called annual rings. The width of 
the annual rings varies with the environmental conditions at the 
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time of their formation ; during favorable seasons wider rings are 
produced than during unfavorable seasons. As each ring represents 
a single season’s growth, the age of a tree can be determined by 
counting the annual rings. Fig. 161 shows a section of a portion of 
a two-yearold stem with two rings, while Fig. 162 represents a 

portion of a stem with 
three narrower rings. 
Similar rings are some- 
times produced in trop- 
ical countries where 
there is an alternation 
of pronounced wet and 
dry scjuions ; in this 
case the fundamental 
physiological factors in- 
volved are essentially 
similar to those which 
have been described. 
In most trees growing 
in tropical countries 
where there are no 
pronounced changes of 
season, there are no 
annual rings (Fig. 158). 

Secondary pith rays. 
As the course of the 
secondary thickening 
continues, the outer 
edges of the xylem and 
the inner edges of the 
phlr)cin in the bun- 
dles natur^ly become wider and wider. They do not increase in 
width very greatly, however, before the cambium cells at the cen- 
ter of the bundle cease to form xylem and phloem but give rise 
to i^th^ray cells. In this way new pith rays are formed in the 
bundles (Figs. 158, 161-163). As the secondary pith rays do not 
extend to the centred pith or to the outer edge of the phloem, 
th^ are not as long as the primary rays. When the secondary 



Fic. 164. Cross section of wood of coral tree 
(Eryihrina fusca)^ a tree that has an unusually 
large amount of wood parencrhynia and in which 
the wood parenchyma and wood fibers are ex- 
ceptionally distinct 

The rows of cells containing starch grains arc 
pith rays, the small thick-walicfi cells are wood 
fibers, the small thin>wullc<l cells between them 
are wood parenchyma, and the large openings 
are vessels, (x 85) 
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thickening has progressed farther, tertiary pith rays make their 
appearance. They are naturally not as long as the secondary rays. 
In the same way, as thickening proceeds, other and progressively 
shorter pith rays are formed as is shown in Figs. 162 and 163. 

The pith rays extend radially in the stem for considerable dis- 
tances, the primary rays reaching from the pith into the bark ; but 
the vertical extension is slight. The radial extension of the pith 
rays is of advantage, as 
they conduct food mate- 
rials and water radially in 
the stem. A considerable 
vertical extension would 
offer no such advantage, 
but would result in weak 
places where the stem 
could be rather easily 
split. The vertical exten- 
sion of pith rays is seen 
very readily in tangential 
sections. Tangential sec- 
tions are longitudinal sec- 
tions perpendicular to the 
pith rays (Fig, 165). 

Heartwood and sap- 
wood. The wood of large 
tree tninks consists of an 
outer region known as sap- 
wood and an inner portion, 
the heartwood. The sapwood is usually light in color and from about 
a centimeter to several centimeters in thickness. In the sapwood 
the parenchyma cells are alive, and so it is in this portion of the 
wood that food is stored. Also, the ascending current of water 
moves in the sapwood, and not in the heartwood, w^hich has prac- 
tically no other function than that of mechanical support. The 
heartwood frequently has a darker color and is more resistant to 
decay than is the sapwood. Wood does not decay by itself, decay 
being due to the action of bacteria and fungi. The parenchyma 
cells of the heartwood are generally dead, but before they die they 



Fic. 165. Tangential section of wood of coral 
tree (Erythrina fusca) 


A vessel is in the center, wood fibers with 
thick walls and jx)inted ends are at the sides, 
and the elongated blunt-ended cells are 
wotxi parenchyma. The groups of cells con- 
taining starch grains are pith rays, (x 75) 
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usually produce tannin, or some other antiseptic material, which 
permeates the walls of the neighboring cells. This antiseptic ma- 
terial makes the wood more resistant to the attacks of bacteria 
and fungi, and it is for this reason, and also Ijocausc the heartwood 
contains less food material than the sapwood, that the heartwood 
is generally more resistant to decay and to the attacks of insects 

than is the sapwood. 
The dark color of the 
heartwood is also usually 
due to tannin, resins, or 
gums produced by the 
parenchyma cells. 

Weight of wood. The 
variation in the weight 
of woods is very great, 
as they contain varying 
quantities of air, but the 
wood substance itself has 
approximately the same 
weight in all species, be- 
ing about 1.6 times as 
heavy as water. There- 
fore all woods would sink 
if they did not contain 
a considerable amount of 
air in the dead cells and in- 
tercellular spaces. When 
this air is removed, as 
after long submergence in water, the wood sinks. From the above 
it follows that the weight of a given wood will depend on its 
density, that is, on the relative proportion of wood material and 
air. The density and weight naturally vary with the number 
of wood fibers and the thickness of their walls. W^ood that c^mtains 
a great deal of parenchyma and few fibc^rs is light (Fig. 164), while 
wood composed largely of thick-walled fibers is heavy. 

Fuel value of wood. The fuel value of wood varies with its 
weight, as equal weights of wood produce equal quantities of heat. 
In general it may be said of woods otherwise equal that those light 



Fig. 166 . Radial section of wood of coral 
tree ^Erythrina fusca^ 


The wood fibers and wood parenchyma 
have the same characloristics as in the 
tangential section (Fig. 105). The group of 
cells containing starch grains is part of a 
pith ray. (x 95) 
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in weight kindle easily and flash quickly, the fire spreading rapidly, 
while those that are heavy behave in the opposite way. 

The longitudinal arrangement of the fibers of wood explains 
why it is much easier to split it longitudinally than to cut across 
it. Wo(xl splits most easily along the radii, on account of the radial 
arrangement of the pith rays. 



Fic. 167. Stages in the formation of cork of oleander {Nerium oleander) 

Upper left, epidermis and outer part of cortex l>efore the formation of a phel- 
logen layer. I^ft center, the epidermal cells have elongated and divided to form 
a n)w of epidermal cells and below this the phellogen layer. I^)wer left, the 
phellogcn layer has produced a single row of cork cells Ixtwcen the epidermis 
and the phellogen. Right , the uptxrmost n>w of cells is the epidermis, the next 
four rows are cork, while the sixth row from the top is phellogen. (x *250) 


Wood pulp. Paper made from wood consists essentially of the 
fibrous elements, which are separated and then pressed together 
into sheets. In making paper from wotxl the fibers are separated, 
either by mechanical grinding or by boiling with chemicals. The 
loose fibrous material that is obtained in either of these ways is 
known as wood pulp. While wet, this pulp is combined with resiHi 
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clay, or other materials to give body and added strength, after 
which the pulp is pressed into paper. 

Secondary changes in the bark. As the wood of the stem is 
enlarged by the ciunbial activity there is a tendency for the 
regions outside of the younger phloem to be stretched. This is 
partly compensated for by radial divisions of the parenchyma 
cells. When, however, there is a band of sclerenchyma, such 

as occurs in the pericy- 
cle of some stems (Fig. 
126), the dead scleren- 
chyma cells cannot grow 
and divide, and can be 
stretched but little, if 
at all. Therefore as the 
wood increases in diame- 
ter the band of scleren- 
chyma is ruptured and 
parenchyma cells are 
prt\ssed in between the 
isolated strands formed 
by the breaking up of 
this sclerenchyma ring. 

The epidermis fre- 
quently increases in size 
by radial growth and 
division, but it seldom 
happens that the epi- 
dermis grows fast enough 
to prevent it from being ruptured by the incrca.se in size of the 
tissues within it. If the place of the epidermis were not taken 
by some other protecting ti8.sue, the cracking of the epidermis 
would expose the underlying tissue to an excessive rate of evapora- 
tion and would also allow the entrance of disease-producing or- 
ganisms. These contingencies are prevented by the formation of 
cork. 

Cork. Cork consists of dead cells which fit close together with- 
out intercellular spaces (Fig. 167). The walls of cork cells are 
impr^ated with a waxy substance, suberin, which makes them 



Fic. 168. Early stage of cork formation in 
Ixora finlaysoniana. ( X 250) 
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practically impervious to water. Cork is familiar in the form of 
ordinary cork stoppers, which are obtained from the cork oak of 
Spain, on which cork is exceptionally well developed. Cork not 
only restricts tran- 
spiration but, like the 
epidermis which it re- 
places, hinders the 
entrance of parasites i 
and affords mechani- ] 
cal protection. 

Phellogen. The 
cork is formed from 
a layer of secondary 
meristem known as 
the phellogen. In a „ 

stem the first phello- mulberry {Moms alba). ( X 230) 

gen usually arises in 

the outermost layer of the cortex or in the epidermis (Fig. 167) 
by a tangential division of the cells, but it may have its origin 
in a deeper layer (Fig. 168). When the phellogen is formed 
by tangential division of the epidermis, the outer layer of cells 






FtG« 170. Lenticel of mango (Mangifera indica) 

Noto the phellogen layer extending under the lenticel. (X 96) 


remains epidermal, while the inner becomes the phellogen. When 
the outermost layer of the cortex by tangential division gives rise 
to the phellogen, it is the outer layer that becomes phellt^n. As 
the phellogen is formed by the division of cells which had previously 
lost all the characteristics of meristematic cells, it is called second- 
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ary meristem. After the phellogen layer is formed, it divides 
tangentially and gives rise to radial rows of cork cells toward the 
exterior of the stem (Fig. 167), and frequently to parenchyma cells 
toward the interior. The cork cells soon be- 
come suberized and die. Also, the cutting off 
of the water supply of the cells that are ex- 
terior to the cork results in their death, and 
after a time they peel off and disappear. 

The first-fonned phellogen does not func- 
tion indefinitely but is replaced by another 
produced in the underlying tissue. The sec- 
ond phellogen is likewise replaced by a third, 
and so on until the phellogen may come to 
be formed in the secondary phloem. As the 
older parts of the bark tend to peel off, the 
bark of old trees may consist only of second- 
ary tissues, the cortex, pericycle, and primary 
phloem having lx»en shed. 

Lenticels. Stomata allow for an exchange 
Fic. 171. Abscission of gases through an epidermis, and in the 
layer at base of a same way the lenticels allow for an exchange 
of gases through the cork. Ix*nticels are 
formed under the stomata (Fig. 169) and 
consist of radial rows of cells with intercellular spaces (Fig. 170). 
Like the cork cells, they are formed from the phellogen. The in- 
tercellular spaces allow for an exchange of gases. 
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Fic;. 173. A girdled tree 
trunk, showing greater 
growth above than below 
the wound 


Leaf falL The fall of leaves is brought 
about by meristematic activity of cells 
across the base of the petiole. These pro- 
duce layers of parenchyma cells which sep- 
arate and cause the leaves to fall (Fig. 171). 
The scars are protected by lignification and 
suberization of the exposed cells and by 
the formation of a layer of cork continuous 
with that which covers the stem. 

Healing of wounds. When a cut is 
made into the wood of a dicotyledon or 
a conifer, the cambium cells adjoining the 
wound area proliferate and produce what 
is known as a callus. This grows over the 
wound and covers it (Fig. 172). A phel- 
logen layer is produced in the outer part 
of the callus, while a cambium, which is 
continuous with that in the stem, is formed 
in the interior. As the edges of the callus 
grow together over the wound the edges 
of the cambium also coalesce. 


Removal of a strip of bark and cambium all the way around 


the trunk of a tree is called girdling. If the strip removed is 


sufficiently wide, the tree will be 
killed, because this operation de- 
stroys the food-conducting tissues 
which supply the roots. Some 
plants will recover from girdling 
if the strip rcmove<i is not too 
wide, as the wound may heal by 
the production of a callus and 
the subsequent formation of new 
conducting tissues. When a tree 
is girdled, the part of the trunk 
above the wound grows much 
faster and produces a much larger 
callus than that below it (Fig. 
173), as the part above the wound 



Fig. 174. Cross section of beet root 
showing concentric rings doe to the 
presence of alternate rings of xylem 
and phloem 
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is abundantly supplied with food 
material, while the part below is not. 

Anomalous secondary thicken> 
ing. The method of secondary 
thickening just described applies 
to the majority of dicotyledonous 
plants, and the general features 
are characteristic of dicotyledons 
in general. There are, however, 
quite a number of plants which 
show variations. In the squash 
(Fig. 134) there is not only a cam- 
Fic. ITS. Cross section of stem bium external to the xylem but also 
of fourVclock showing ring of 

secondary wood formed exterior t i * 

to the original vascular bundles. UnUSUal Iliethod whlch 18 

Diagrammatic, after De Bary found in a number of plants is for 

the first-formed cambium to func- 
tion for a while and then cea.se and be replaced by a new cam- 
bium fonned in the pericycle. The .second cambium may function 
for a time and then cease growth and may be followed by a third 



Fic. 176. Cross sections of stems of Ani*o$tichus capreolata. Pleonotonw sp^ 
and Melloa populifolia showing wood deeply cut up by phloem owing to slow 
growth of xylem and more rapid formation of phloem. In each figure the 
phloem is shown in concentric lines. Diagrammatic, after De Bary 

cambium fonned in the phloem, and this by still another, etc. 
Hie concentric rings in the storage root of the common beet, 
wiiich are often made conspicuous by the colofing of the root, are 
formed in this manner (Fig. 174). 
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In the four o clock a continuous cambium ring is not formed between 
the first bundles which appear but around them and exterior to their 




phloem (Fig. 175). 

Some vines which 
start out with a regu- 
lar circular cambium 
show the strikingly pe- 
culiar anomaly that 
in certain places the 
development of wood 


Fic. 177. Steins showing several rings of cambium, proceeds slowly while 
Diagrammatic, after Schleiden; from De Bary phloem is formed rap- 
idly, with the result 


that after secondar}” thickening has progressed for a time the wood 


is deeply cut up by masses of ])hloem which extend into it (Fig. 176). 



Fic. 178. Cross section of 
Bauhinia showing xylem 
broken op by growth of pith 
rays and parenchyma. Dia- 
grammatic, after De Bary 


In some plants 
there is a cen- 
tral ring of cam- 
bium producing 
sec ondjiry thick- 
ening, outside 
of which are 
other similar hut 
usually smaller 
rings of cam- 
bium the activ- 
ity of which also 
results in sec- 
ondary’^ thick- 
ening (Fig. 177). 

A very bi- 
zarre effect is 



reached in scunc Fic. 179. Cross section of 


plants by the continuous growth of pith 
rays and parenchyma which split the xylem 
up into very curious sha|x« (Fig. 178), 

Secondary thickening occurs in a few mon- 
ocotyledons such as Yucca, Cordyliue, and 
Dracaena (Figs, 179, 180). The arrangement 
of the stem produced by primary growth in 


the outer part of a stem of 
Dracaena showing a mer- 
istematical cambium re- 
gion between the vascular 
bundles and the cortex. 
Diagrammatic, after De 
Bary 


such cases is much the same as in other monocotyledons. However, 


a cambium is formed in the parenchyma outside of the region of the vas- 
cular bundles. In the tissue developed on the inside of this cambium new 
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vascular bundles appear, while the cells formed on the outside produce 
secondary cortex. Where this secondary thickening occurs in tree types, 
the cortex can be separated from the inner part of the stem in much the 
same way as a bark can be separated from the wood in dicotyledonous 
trees. 

The development of secondary thickening in leaves may be 
rather similar to that of the stem but is much less extensive (Figs. 

26, 181). Often the xy- 
lem, both primary and 
secondary, forms a cres- 
cent rather than a ring 
(Fig. 181). 

Pruning. In trim- 
ming a tree, branches 
should be cut off even 
with the trunk, and no 
portion of a dead or am- 
putated branch should 
be left, if the wound is to 
heal properly. Stumps 
of branches arc not in 
the direct line of the 
movement of food ma- 
terials, and usually die 
quickly, if they do not 
send out new shoots. 
A callus formed from the 
main stem then starts to 
grow out over the stump, but before the stump is covered it begins 
to decay, as is clearly illustrated in Fig. 182. The decay extends 
into the wood of the main branch and trunk, with the result that 
the tree becomes hollow. For similar reasons, if a twig is to be 
cot back but not removed, the cut should be made a little above 
a bud and not in the middle or upper part of an intemode. If a 
portion of an intemode is left, it dies and its presence interferes 
with the closing of the callus over the wound. 

Budding and grafting. Budding and grafting consist in insert- 
ing a part of one plant into another in such a way that a perma- 



Fic. 180. An old tree, Dracaena, from Baillon 



Fic. 181 . Development of primary and secondary tissues in midrib of tobacco 

A, cross section of a vcr>^ young loaf showing midrib in the center; B, slightly 
older midrib; T, a still older midrib, showing primary xylem; Z), vascular 
region of the midrib, showing cambium region between the xylem and the 
lower phloem ; a portion ol vascular region after there has been consider- 
able secondary thickening : tc, internal cndiHlcrmis ; tpe, internal pericycle ; 
iph^ internal phloem ; px, primary xylem ; ar, secondary xylem ; sph, second- 
ary phloem ; pph, primary phloem; e, external cndodermls. (After Avery) 
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sent union is fonned and the inserted piece continues to grow. The 
part which is inserted is known as the sdon, and the plant into 
which it is inserted is called the stock. The success of the operation 
depends primarily upon bringing the cambium of the scion into 
contact with that of the stock. 

Budding consists essentially in removing a small piece of bark 
with a bud and little or no wood from one plant and inserting it 
under the bark of another plant (Fig. 183). The piece inserted 
is known as the hud. The usual method is called shield budding, 
on account of the shieldlike shape of the bud. In this method an 



Fic. 182. Dead stumps, showing how decay may enter a tree trunk 


oval piece of bark with a bud is cut from one twig. The stock is 
usually cut off above the place where the bud is to be inserted, 
while at the place of insertion a T-shaped slit is made through the 
bark into the cambium. The flaps are then loosened and the bud is 
inserted under them. The preparation is bound tightly to insure 
close contact of the inner surface of the bud with the cambium of 
the stock and to prevent the bud from getting out of place. The 
junction should then be very carefully sealed with grafting wax 
to prevent loss of moisture. 

Grafting consists in cutting off a piece of stem of one plant and 
inserting it into another. The common method of grafting when 
tbe stock is large is known as deft grafting (Fig. 183). The scion 
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consists of a small piece of twig with several buds. Its base is cut 
like a wedge. A vertical cleft is made into the decapitated stock 
and the scion inserted so that its cambium comes in contact with 
that of the stock. The wound is covered with wax to prevent 



Fir.. 183. Budding and grafting 
Left, hudiling ; center, whip grafting ; right, cleft grafting 

dicing. Whip grafting is employed on small stocks. In this method 
both stock and scion are cut oblitjudy and a vertical cleft is made 
in each. Stock and scion are then fitted into each other so that the 
cambiums are in contact. They are then tied together and the 
junction is sealed with wax. 




CHAPTER IX 


GROWTH AiND RESPONSES 


GROWTH 

The growth of a plant is usually accompanied by the addition 
of new material, but growth may consist in the rearrangement of 
materials already present. The latter is evidently the case when 
a potato or an onion sprouts in a dry, dark place, as under these 
conditions it is impossible for a plant to absorb ^ 

water or mineral matter or to carrj^ on photo- t \ 

synthesis. Growth in such cases is accompanied 
by an actual loss in weight, due to the breaking fSq 
down of compounds in the process of respiration. 

This is necessary for the release of the energy 
used in the rearrangement of the materials taking 
part in the new growth. Fin. I8t. Apex of 

Grand period of growth. If the formation and ^ hlodea 

X e 1 , 1- 1 r vanadensis. IVoic 

growth of a plant organ or a limited part of a nai^^ecl tip and 
plant are considered, it will be found that during appearance and 
its formation the rate of growth is slow. As it growth of leaf 
becomes older it grows more rapidly up to a cer- Caspary 
tain period, and then more and more slowly until 
it is mature and growth ends. The total growing period is known 
as the grand period of growth. It can l)e divided arbitrarily into 
three stages, or phases, which necessarily overlap. The first is 
the phase of formation, during which the f)rgan or other limited 
part of the plant has its initiation. The chief activity during this 
period consists in the multiplication of colls, and the rate of growth 
is relatively slow. Before the cells have ceased to divide, the part 
concerned enters into the next phase, that of erdargement, during 
which the cells enlarge and approach their mature size. This 
enlargement takes place with relative rapidity, and any part of a 
plant makes its most rapid growth while in this phase. After the 
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cells have reached approximately their mature size, they enter the 
phase of maiuralionj during which they assume their mature char- 
acteristics. A part of a plant in this phase grows slowdy, as the 
cells have, to a great extent, ceased enlarging. 

EFFECT OF EXTERNAL FACTORS ON GROWTH 

Water. An abundant supply of water is very essential to the 
most rapid growth of plants. It is a well-recognized fact that 
plants which lack water grow more slowh' and produce smaller 
quantities of dry material than do plants that are abundantly 
supplied with water. 

Any part of a plant, in order to grow, must contain enough water 
to l)c turgid. When cells or plant organs lose their turgidity, they 
decrease in size. Ix'aves, fruits, or stems may lose more water on a 
dry, sunny day than they absorb, and actually become smaller than 
they were during the f)rece(ling night. It is therefore necessary" for 
normal growth that a plant should \ye able to obtain not only enough 
water to replace that which is lost through transpiration and that 
which is used in photosynthesis but, in addition, enough to fill 
the newly formed tissue. The amount needed for growth is very 
small iis compared with that lost through transpiration. 

The actual rate of transpiration is not so important as is the 
ratio Ix'tween water lost and water absorl)ed. It is highly im- 
portant that the daily rates of transpiration and of water absorp- 
tion should be so balanced that the water absorbed is sufficient 
to replace that lost by transpiration and to support new growth. 
Excess of water loss over water absorption may be brought about 
either by a high rate of evaporation or by a low moisture content 
of the soil, or by a combination of these two. This condition can 
usually be remedied by either decretising the rate of evaporation or 
increasing the water content of the soil. In agriculture the method 
most generally practiced is to supply water, as by irrigation. 

Heat. At very low temperatures plants do not grow. The 
minimum, or lowest, temperature at which a plant will grow varies 
with different species, but 4® C. may be regarded as an average 
minimum temperature for many plants. As the temperature in- 
creases beyond the minimum the rate of growth becomes more 
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rapid until the optimum temperature is reached. This optimum 
temperature also varies with different species, but probably aver- 
ages from 28® to 30® C. If the temperature rises beyond the opti- 
mum, the rate of growth decreases until a temperature is reached 
above which no growth takes place. This temperature is known 
as the maximum. The minimum and optimum temperatures for 

growth vary not only 
with different species 
but also with changes 
in other environmental 
conditions. 

The effect of tem- 
perature is not confined 
to the direct action of 
favorable or unfavor- 
able temperature on 
the rate of growth. 
Thus, trees from the 
temperate zone do not 
thrive in the tropics, 
where the temperatures 
are favorable to growth 
throughout the year. 

Fic. 185. Photographs of blueberry twigs, both Trees which are native 
Uken in the apring at the .ante time tj,e temperate zone 



The one on the left had been exposed to a cold 
winter while the other had l>een kept warm in a 
greenhouse. (After Coville) 


seem to need a winter 
season, while tropical 
ones do not. 


Trees and shrubs of the temperate zone, which are usually 
dormant during the long winter, tend to become dormant in the 


tropics after a period of activity. Unless they are exposed to an 


extensive period of cold though not necessarily freezing weather, 
the resumption of growth is greatly delayed, while the growth 
is lacking in vigor (Fig. 185). It is probably for this reason that 
such fruits of the temperate zone as apples, pears, peaches, and 
cherries do not thrive in the tropics. They grow well for a time 
and then become half dormant and, in the absence of chilling, 
never fully recover from this condition. 
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The advantages of chilling for trees of the temperate zone seem 
to be connected with changes in the character of the stored food. 
During the summer and autumn food is stored in the form of 
starch, which is insoluble. Before this can be used for growth it 
must be changed to sugar, which is soluble, and in these plants 
this change appears to take place most readily at low temperatures. 



Fk;. 186 . Eifect of lengths of clay on different types of plants 


Ijoft, licliaiithm angiistifoHus, a ’’short-clay plant.” Both specimens planted 
March 2 and photographed July 31. Plant at left kept in the dark during a 
portion of each day and exjKised to light for only ten hours. Plant at right 
exposed to light for full length of day. Right, red clover, a ” long-day phmt,” 
photographcnl June 2S. Plants at loft kept in the dark during a xx>rtion of each 
day and exfKised to light for only ten hours. They a.ssumed a prostrate form of 
growth and were greatly delayed in flowering. Plants at right exposed to 
light for full Icmgth of day during spring and early summer. (From work of 
Gamer and Allard, Bureau of Plant Industry, United States Department of 

.Agriculture) 

Trees of the temperate zone are afforded valuable protection 
by the fact that in the fall they enter into a condition of dor- 
mancy from which they do not emerge until exposed to prolonged 
chilling. If such plants were so constituted as to start into growth 
as easily in the warm days of late fall as they do in early spring, 
many species would come into flower and leaf in warm autumn 
days which follow cold ones, and the stored food that they require 
for their normal vigorous growth in the following spring would be 
wasted in the growth of new twigs which would be killed by the 
first heavy fieeze. These evil results are prevented when two or 
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three months of chilling are necessary before a dormant plant will 
respond to a favorable temperature by the resumption of growth. 

Light. As the growth of green plants is dependent on photo- 
synthesis, plants cannot continue to grow for any great length of 
time without light. On the other hand, high intensities of light 
are usually accompanied by rapid rates of evaporation. In the 



Fic. 187. Two views of the same fasciated stem of cockscomb 


preceding chapter it was pointed out that plants may contain less 
water on sunny days than on cloudy days or during the night. 
This condition frequently results in a much more rapid rate of 
growth during the night than during the day, and plants may 
even cease growing or actually .shrink during bright, dry days. 

The relative length of day and night is a very important factor 
in determining the fruiting season of plants. Some plants, as 
Poirwtiia (Fig. 98), will flower and fruit only during seasons with 
short days, and others only when the days are long. In temperate 
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zones the days are lonj^ during the summer, shorter in autumn, and 
still shorter in winter. It has been found that many plants which 

normally do not flower 
until the short days of 
autumn can be made to 
bloom during the long 
days of summer if they 
are placed in the dark 
for a portion of each day 
(Fig. 186 ). Also, many 
plants that usually blos- 
som in the summer, and 
not in the winter even if in 
a heated greenhouse, will 
produce flowers during 
the short days of winter 
if kept in a warm green- 
house and illuminated by electric lights for a portion of each night. 



Fic. 188. Fasciated fruit of pineapple. The 
pineapple i^ really a stem bearing many fruits 
fu^^ed together. Fasriation of this type is not 
unusual. Compare Fig. 330 


While the period of 
flc»wering may be has- 
tened by shortening the 
daily exposure to light, 
the rate of growth fre- 
quently increases with 
the length of the daily 
exposure. When plants 
which germinate in the 
spring and flower in 
the fall are forced into 
bloom early in the sum- 
mer by shortening the 
daily exposure to light, 
they are small at the 
time of flowering. 

In the tropics the 
days are always shorter 



Fic. 189. Section of a gall on a Cissus root in 
which a bud of Rafflesia maniUana is developing 

Later the bud will burst through the gall. Com- 
pare with Fig. 7 


than the summer days of temperate zones. Plants from the tropics 
may fail to flower during the long days of northern summers and 
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produce flowers and fruits abundantly in greenhouses during the 
shorter days of winter. 

The fact that the days are shorter in the tropics than they are 
during the summer in temperate zones may explain why many of 
the plants of the temperate zone do not succeed in the tropics. 

Abnormal forms of growth. Stems and other plant organs fre- 
quently show abnormal growths. One of the most common is a 
flattened form, called fasciation, which occurs when a stem has 
several growing points instead of a single one. This abnormality 
may be inherited, as in the cockscomb (Fig. 187), or it may be due 
to an injury, as by insects (Fig. 188). Galls are another common 
class of abnormalitj'. They may be produced by parasitic bacteria, 
fungi, flowering plants (Fig. 189), or various classes of animals, 
especially insects. Insect galls are very numerous, those produced 
by a given insect on the same kind of plant being constant in form. 
The mother insect lays its eggs in the host plant ; and after the 
eggs hatch, the tissues of the plant proliferate and produce the galls. 


RESPONSE OF STEMS AND LEAVES TO EXTERNAL CONDITIONS 

Geotropism. It is a very common observation that steins grow 
upward and roots downward. Even in the case of most prostrate 
stems the tips tend to grow upward. This tendency of stems to 
grow upward and roots to grow downward is due to the force of 
gravity. Such responses of a plant to gravity are known as geot- 
ropism. When roots grow downward, or in the direction of the 
force of gravity, they are said to show positive geotropism, while 
stems that grow upward against the force of gravity exhibit nepo- 
tive geotropism. 

The action of geotropism can be demonstrated very easily if we 
take a small seedling and lay it in a horizontal position. The stem 
will bend upward, while the root will turn downward. The stem 
and root will then continue to grow in these directions. If, how- 
ever, we place a seedling in a horizontal position and revolve it 
around its own axis, so that all sides shall be subjected in the same 
way to the force of gravity, then the stem and root will continue 
to grow in a horizontal direction. The action of the negative ge- 
otropism of stems is clearly seen in the case of plants which have 
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been blown over but continue to grow. In such cases the stems 
grow upward, away from the surface of the earth. 

The action of geotropism is not due to a direct pull of gravity 
on the plant but is a response of the plant itself, as is shown by the 
fact that stems grow upward against the pull of gravity, while 
roots may exert considerable force in growing downward ; in fact, 
roots must exert force to penetrate the ground. The difference in 
reaction of stems and roots is not the result of any difference in 
the force of gravity on 
the parts concerned 
but is caused by dif- 
ferences inherent in 
the organs themselves. 

The response to grav- 
ity is brought about 
by different rates of 
growth on the upper 
and lower sides of 
the organs concerned, 
the side which be- 
comes convex grow- 
ing more rapidly than 
the opposite side, 

Geotropism is largely 
responsible for the 
position of upright 
stems. Branches do 
not show the action of geotropism to the same extent as does 
the main axis. 

Phototropism. Stems tend to grow toward the light, while most 
aerial roots grow away from the light (Fig. 190). The tendency of 
plant organs to orient themselves with reference to light is called 
phototropism. An organ that grows toward the light exhibits posi- 
live phototropism^ w^hile an organ that growls aw^ay from the light 
shows negative phototropism. Nearly all roots that normally grow 
in the ground show little or no phototropism ; but there are some 
exceptions, as in the case of the radish, where the roots are nega- 
tively phototropic (Fig. 191). 



Fig. 190. The tip of a pendent stem of an orchid 
iDendrobium anosmum) (see Fig. 2) producing a 
young plant 

The parent plant hangs under the edge of a porch ; 
the new shoots are growing toward the light, and 
the roots aw’ay from the light, (x 1) 
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The effect of phototropism can often be clearly seen in upright 
plants growing very near a house. In such cases there is a tend- 
ency for the branches to grow away from the house, or, in other 
words, toward the source of greatest illumination. There is also a 
tendency for the main stem to lean away from the house, or tow^ard 
the light. In trees that bend toward the light the position of the 
main axis is very clearly the result of the combined action of 

geotropism and phototropism : 
the general upright position of 
the stem is due to geotropism, 
while the leaning position is 
the result of phototropism. The 
effects of phototropism are fre- 
quently pronounced in plants 
growing in windows or on cov- 
ered porches. In such cases the 
plants usually lean toward the 
source of light (Fig. 192). 

The tips of herbaceous stems 
frectuently follow the course of 
the sun during the day, pointing 
to the eiist in the morning and 
to the west in the afternoon. 
This is true of the sunflower. 

Diaphototropism. leaves usu- 
ally turn to face the source of 
greatest illumination, and also 
bend in such a way that they are not greatly shaded by the leaves 
above them. The turning and bending of leaves to face the 
light is called diaphototropism. 

When leaves have petioles, the bending takes place in the 
petioles. If the petioles on pendent branches were straight, the 
morpholbgically upper side of the leaves would face downward, 
but in such cases the petioles bend and twist so as to expose this 
side to the strongest light (Fig. 193). In many cases the bending 
and twisting of the petioles or the twisting of the stem is much 
more important than the place of attachment of the leaves in deter- 
mining the position of the leaf blades. This is often very clearly 



Fig. 191. A radish seedling grown on 
the side of a piece of blotting paper 
held vertically in a darkeneil box with 
light entering on the left side 

The position of the shoot is due to a 
combination of positive ph()totropism 
and negative geotropi.srn ; that of the 
root, to negative phototropism and 
positive geotropism. (x 1) 
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seen in the different posi- 
tions of leaves on vertical 
and horizontal stems of the 
same plant. On vertical 
stems which are not shaded 
on one side the leaves ex- 
tend straight out from the 
point of attachment, while 
if the illumination is one- 
sided, as upon unshaded 
horizontal branches, the 
stems or petioles frequently 
bend and twist so as to 
bring the blades into such 
a position that they face 
the strongest light. Com- 
pare Fig. Ill with Fig. 116, 
Fic. 192. A mungo bean seedling which and Fig. 195 with Fig. 194. 

grew upright when illuminate<l from all horizontal branches the 
sides and tiien bent toward the light when . . , 

illuminated only from the left, (xj) are often arranged 

in an approximately hori- 
zontal position. As an example take the case of a plant on which 
the leaves are arranged in five vertical rows. On a vertical stem the 
leaves will extend from the 
stem in five directions 
(Fig. 194). On a horizontal 
branch of the same plant 
the petioles will bend and 
twist so as to bring the 
blades into an approxi- 
mately horizontal position, 
and the leaves will appear 
to grow from only two sides 
of the stem (Fig. 195). 

The degree of adjust- 
ment of leaves in response 
to light varies greatly in 
different plants. Leaves 



Fig. 193. Leaves of Thunher^ia grandiflora 
on pendent branch 


The petioles have twisted so that the mor- 
phologically upi^er sides of the leaves are 
uppermost, (x J) 
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Fic. 194. Vertical branch of Cestrum nocturnum 
illuminated from all sides 

Compare with Fig. 195. (x 



Fic. 19S. Arrangement of leaves on horisontal 
branch of Cestrum nocturnum; position of leaves 
due to one-sided illnmination 

Compare with Fig. 194. (x i) 


which are very sensi- 
tive to light follow 
the course of the sun 
during the day ; leaves 
which are only mod- 
erately sensitive usu- 
ally face the strongest 
light, as is the case 
with most common 
trees and shrubs ; 
while leaves which 
are feebly sensitive 
are not so definitely 
arranged. 

Hormones. The 
causes of geotropic 
and phototropic re- 
sponses have been 
investigated most 
thoroughly in roots 
and in coleoptiles, 
which are the sheaths 
that cover the apexes 
of the seedling shoots 
of grass. In coleop- 
tiles it is the tip that 
is sensitive to light, 
while curvature oc- 
curs at the base. 
There is thus a region 
of perception of the 
stimulus at the tip 
which is separated 
from the region of 
response at the base. 
In roots it is the tip 
that is sensitive to 
geotropic stimulus, 
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whUe curvature occiu*s back from the tip. Here also there is a 
sensitive region separated from the region of response. 

In the stimulated tips of coleoptiles and roots there is formed a 
growth-regulating substance or hormone, and it is the diffusion of 
this hormone toward the responding region that results in the un- 
equal growth which produces curvature. Internal secretions or 
hormones are numerous and important in animals. The growth- 
regulating effect of thyroid secretions is well known. In animals 
the hormones are distributed in the blood stream ; the growth- 
regulating hormone responsible for heliotropic or geotropic curva- 
ture in plants travels by diffusion. 

The e.xistence and diffusion of a growth-regulating hormone has 
been demonstrated in several ways. The tip of a coleoptile or root 
can be cut off and separated from the remainder of the coleoptile or 
root by gelatin, when the hormone diffuses through the gelatin to 
the stump of the coleoptile or root and produces curvature. If a 
sheet of tin foil is placed between the tip and the remainder of the 
coleoptile or root no response results. 

An even clearer demonstration can be made by placing severed 
coleoptiles or root tips on a small block of gelatin, and allowing the 
growth-regulating hormone to diffuse into the gelatin. The block 
of gelatin can then be placed on the end of an unstimulated coleop- 
tile or root from which the tip has been removed. The growth- 
regulating hormone will then diffuse into the coleoptile or root and 
cause curvature. 

There is an indication that only one growth-regulating hormone 
is concerned, as the tip of a coleoptile which has been stimulated 
can be cut off and placed on the end of a root from which the tip 
has been removed and cause curvature. Likewise, a root tip can 
cause curvature in a coleoptile. Moreover, the growth-regulating 
hormone from a coleoptile can be allowed to diffuse into a block of 
gelatin and this block of gelatin will cause response when placed on 
the end of a root from which the tip has been removed. Likewise, 
a gelatin block into which the hormone has diffused from an stimu- 
lated root tip will cause curvature in a coleoptile. 

In the developing shoots of many plants, the buds in the axils 
of the leaves remain dormant as long as the apex of the shoot is 
growing but develop into branches when the apex is removed. It 
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has been found in some cases investigated that the failure of the 
lateral buds to develop while the apex is growing is due to the 
action of a growth-inhibiting hormone formed in a few of the very 
small developing leaves but not in the very small leaf rudiments. 

Unusual positions of leaves. While the leaves of most plants 
are in general arranged so that they face the source of greatest 
illumination, there are some exceptions. The leaves of many plants, 
particularly of those growing in arid regions, make acute angles 
with the rays of light from the source of greatest illumination. 
This arrangement has certain advantages. Very intense light Inis 
a tendency to destroy chlorophyll. It also bis a tendency to heat 
the leaves excessively and to produce rapid transpiration. These 
injurious effects are partly avoided by plants that have their leaves 
arranged in the manner just descril)e<l. 

Leaf mosaics. The petioles of old leaves tire usually longer than 
those of younger leaves on the same bninch. In many plants the 
bending and twisting of the petioles, or a combination of these 
movements with different lengths of the petioles, brings all the 
blades into approximately the same plane and in such a position 
that they fit in l^etween each other with very little overlapping. 
Such an arrangement of the blades is called adeaf mosaic, from the 
similarity to the fitting in of materials in mosaic work. 

Heliotropism. The term heliotropism is often used in place of 
the word pkototropism. Heliotropism is the orientation of plant 
organs in response to sunlight. Stems and leaves, however, re- 
spond to artificial light as well as to sunlight, so that it is better 
to use the general term, phototropisvi, than the specific one, 
heliotropism. 

Etiolation. Stems that grow in the dark have a tendency to 
grow longer and to be more slender than those that develop in the 
light. They also have a blanched apf)earance, due to a lack of 
chlorophyll. The leaves of plants grown in the dark are usually 
small and also have a blanched appearance. Plants that have 
stems and leaves with these characteristics, which are the result 
of growth in the dark, are said to he etiolated. FXiolation is weft 
illustrated in Fig. 196. A practical use is made of etiolation in 
China and Japan, where young sprouts of bamboo are used for 
food. These are made white and tender by covering them with 
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earth or earthenware jars. Similar results are achieved with 
asparagus by cutting the shoots when the tops are just above- 
ground. 

In nature, when upright stems grow in the dark they usually 
arise from underground structures such as bulbs or rhizomes, or 
are produced by germinating seeds. In such cases the relatively 
longer, slender structure of etiolated stems has a tendency to make 


r 



Fig. 196. Etiolated seedlings (left) and normal seedlings (right) of mungo 
bean (Phaseolus radiatus) 


the plants reach up into the light. The production of small leaves 
on etiolated stems also seems to be of advantage, as leaves in the 
dark cannot carry on photosjmthesis and so are of no particular 
use to the plant. Moreover, large leaves would hinder the growth 
of stems through the ground, while their formation would require 
material which could be used in elongating the stem. 

liOaves that normally arise directly from underground structures 
behave differently from ordinary aerial leaves when grov^m in the 
dark. Instead of being smaller than usual they become longer. 
This has the same effect as the elongated growth of upright stems 
in that there is a tendency to bring the leaves into the light. 




192 The Plant Kingdom 

Self-pruning. The heavily shaded portions of branches fre- 
quently shed their leaves, while whole branches that are heavily 
shaded usually die and fall from the plant. It is for this reason 
that the leaves of trees are usually found near the circumference 
of the crown and not in the interior. 

The loss of shaded branches can be seen very plainly in the case 
of trees which grow close together and produce long trunks. As the 
lower branches become heavily shaded they die and fall from the 
tree, and leave the lower part of the trunk clear of branches. It is 
a common observation that trees growing close together are tall 
and slender in form and have long, clear trunks, while a tree grow- 
ing in the open, where it is not shaded, usually has a spreading 
crown and a short trunk. These differences are due to the fact that 
if trees grow close together the lower portions are shaded and the 
lower branches die, which is not the case with trees which develop 
in the open. The dying and falling of shaded branches is called 
self-pruning. Foresters take advantage of the self-pruning of trees, 
and plant seedlings close together so that long, clear trunks will be 
produced. If it is desired that a tree growing in the open shall have 
a long, clear trunk, it frequently becomes necessary to remove the 
lower branches. 



CHAPTER X 


SPECIALIZED STEMS 

The chief function of ordinary stems is to support the leaves 
and reproductive organs in such a way that they can carry on 
their several functions advantageously. Many stems, however, 
are specialised for functions which are unusual for stems, or are 
fitted to perform the usual functions in a somewhat specialized 
manner. Stems of these types may be called specialized stems. 
They may be divided into the following general classes : unusual 
methods of support (stem function), photosynthesis (leaf function), 
absorption (root function), reproduction (seed function), storage^ 
and protection. This list is very similar to that given for specialized 
leaves. Frequently the only way in which we can tell by superficial 
examination whether a given structure is a stem or a leaf is by the 
mode of its attachment. If the structure is in the axil of a leaf we 
regard it as a stem, while if a stem or bud is found in its axil it is 
considered a leaf. 

Unusual methods of support (stem function). Stems that are 
specialized in no other way than to support the leaves and re- 
productive organs in a rather unusual manner are well exemplified 
in climbing plants. The chief advantage of the climbing habit 
seems to be that it enables a plant to reach up into the light and 
bear large numbers of leaves without the necessity of expending 
the material which would be necessary to build a stem sufficiently 
strong to support the leaves and reproductive organs by its own 
strength. A climbing plant depends on the strength of some other 
object for its support, and so can develop long, slender stems. It is 
probably because of their slender stems that climbers usually grow 
rapidly and so can shoot up through dense vegetation and reach 
the light more quickly than can a plant which has to develop a 
stem thick enough to support itself. 

The climbing habit has the disadvantage that the climbers are 
likely to fall with the death and decay of the plants on which they 
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Fig. 197. Stems modified as tendrils 

Above, Guania microcar jm \ left, Antigonon leptopus; lower right, Cardiosper 
mum halicacahum, (x i) 




Fig. 198. Tendril of squash {Cucurbita maxima). ( X i) 
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grow. Frequently they 
grow over and shade the 
supporting plant to such 
an extent as to kill it, and 
thus are instrumental in 
bringing themselves to 
the ground. 

In order to utilize the 
strength of some other 
object a plant must have 
some means of attach- 
ing itself to its support. 
There are four general 

^ , types of climbers : hemers, 
ric. 199. Hranches of nofi^ainei//ea moclineci .i t 

as spines used in climbing. ( X chmhers,root climb- 

er.s, and sc ra?) (biers. 

Twiners. A twiner climbs by the simple device of twining spi- 
rally around a support. In nature such a support would be 
another plant ; in cul- 
tivation it is usually 
a wire, cord, or slen- 
der pole. The morning- 
glory is a common ex- 
ample of the twiners. 

Tendril climbers. A 
tendril climber is held 
up by tendrils, which are 
either modified stems 
(Fig. 197) or leaves 
(Fig. 94) or are of doubt- 
ful homology, as in the 
squash family (Fig. 198). 

Tendrils are long, slender 
structures which coil 
around other objects or, 
more rarely, bear disks Fic. 200. Stems modified as hooks 

that adhere to the sur- ^ixive, Artabotrys undmtus; below, Uncaria 
face of the support. gambiet, (X I) 
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Root climbers. Many climbers adhere to a support by means 
of numerous small roots which develop from the stem (Fig. 217). 

Scramblers. Climbers of the scrambler type are not so defi- 
nitely fastened to their support as are those of the other types. 
They are held up more loosely by means of thorns (Fig. 199) or 
hooks (Fig. 200). Climbing roses and raspberries are examples 
of thorn scramblers. Hooks are more advantageous than thorns, 
as they have a greater tendency to keep a plant from slipping 



Fig. 201. Stems of Euphorbia tirucalli specialized for photosynthesis and 
water storage. ( X J ) 


backward. The thorns or hooks may be stem (Figs. 199, 200) or 
leaf structures. Rattans are excellent examples of scramblers 
with hooks on the leaves (Fig. 95). 

Photosyntiiesis (leaf function). The young stems of green 
plants contain chlorophyll and carry on photosynthesis to some 
eximt, and herbaceous stems continue to perform this function as 
long as they live. All green stems, therefore, perform to some ex- 
tent the function which is the primary one of the leaf. In addition, 
numerous stems are specialized for photosynthesis and take the 
place of leaves in the manufacture of sugar. This is the ease with 
the so-called asparagus fern and numerous sedges. Some stems 
which are specialized'for photosynthesis are round (Figs. 81, 201, 
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202), others are flattened (Fig. 203), and others even have the form 
of leaves (Figs. 204, 205). Such stems as those of the cacti (Figs. 
277, 279) are specialized 
both for photosynthesis 
and for water storage. 

Absorption (root func- 
tion). The epidermal 
walls of submerged 
water plants are not 
cutinized ; consequently 
both the leaves and the 
stems of such plants are 
capable of absorbing 
water and substances in 
solution in water. 

The stems of some 
parasitic plants produce 
emergences which enter 
the tissues of the host and 
absorb water and food 
material (Figs. 60, 61). 

The function of an- 
chorage, which is one of 
the chief functions of 
roots, is performed to 
some extent by under- 
ground stems (Fig. 206), 
as in cannas and many 
grasses. 

Reproduction (seed 
function). Many plants 
reproduce by means of 
stems (Fig. 5), this being 
by far the most usual mode 
of vegetative reproduc- 
tion in flowering plants. 

Two of the most common methods of stem reproduction are by 
rhizomes (stems that grow horizontally in the soil) and by runners 



Fic. 202. Cross section of a portion of round 
stem of Euphorbia tirucalli (see Fig. 201) 

Note the wide cortex specialized for water stor- 
age and photosynthesis 
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(stems that grow along the sur- 
face of the soil). Both rhizomes 
and runners may produce roots 
at the nodes. In some species 
the internodcs do not persist 
long, and each new node forms a 
new plant. In other species an 
increase in the number of plants 
comes about only by the branch- 
ing of rhizomes and the ultimate 
decay of the whole of. the older 
portion formed before branch- 
ing took place (Fig. 206). The 
method of reproduction by run- 
ners, and especially by rhizomes, 
is well suited to increasing the 
number of plants in a limited 
area or to the invasion of an area 
next to that in which the parent 



scalelike leaf ; cf, cladophyll, or leaflike branch, Rowing in the axil of the 
leaf ; ped, flower stalk, growing in the axil of a leaf 



Fic. 203. Flattened stem of Mueh^ 
lenbeckia platyclada specialized for 
photosynthesis. ( X 



Fic. 205. Leaflike brancheH of Phyllocladus protractus, ( X 
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one growing from a seed, and, moreover, the rhizome is already 
in the ground, whereas the seed may never reach the soil. 



Fig. 207. Storage rhizome of ginger. ( X j) 


Some stems grow up in the air at first and then, after they be- 
come long, bend down until they reach the ground, where they 
take root and so produce new plants. 



Fic. 208. Tuber of potato. ( X |) Fic. 209. Corm of taro (Colocoiia 

WMlenta). ( X }) 


Storage. Except when the roots or leaves are fleshy and espe- 
cially modified for food storage the stem is usually the chief organ 
in which food is stored. In^ large plants, food is stored at certain 
seasons in considerable quantities in the pith rays and the wood 
parenchyma. 



Fig. 210. Section of a potato tuber 


The ring showing in the tuber is 
the cambium. Note that it comes 
near the surface at the bud, 
"eye." 


Fic. 211. Cross section of large 
stem of kohl-rabi 

Note the thin cortex and the nu- 
merous vascular bundles with 
secondary thickening 



Fic. 212. Cross section of stor- 
age rhiaome of ginger, a mono- 
cotyledon 

Note that the cortex is clearly 
distinguished from the central 
cylinder. The scattered vascu- 
lar bundles are evident. Com- 
pare Fig. 206 


Fig. 213. Cross section of corm 
of taro iColocasia esctdenta) 

Note the scattored arrangement 
of vascular bundles, character- 
istic of a monoootyledod 



202 The Plant Kingdom 

Some stems axe especially modified for the storage of food. 
These are usually underground stems such as the rhizomes of 
ginger (Figs. 206, 207), the tubers of potatoes (Fig. 208), or the corms 
of aroids (Fig. 209). While most stems that are specialized for food 
storage are underground ones, there are exceptions. Some palms 
have greatly thickened stems in which large quantities of starch 



Fig. 214. //ydnop/iytum, an epiphytic plant 

The swollen base of the stem is composed 
largely of water-storing tissue and con- 
tains cavities inhabited by ants. (X i) 


Fic. 215. Poly podium sinatum^ a 
fern having hollow fleshy stems 
inhabited by ants. ( X i) 


are stored during a series of years. This food is finally userl up 
in the formation of flowers and fruits, after which the stem dies. 
Commercial sago is made from the starch stored in the trunk of 
the sago* palm. 

In the potato tuber, food is st^jred in both the central cylinder and the 
cortex (Fig. 210). Both regions arc so modified as storage tissues that it is 
only by careful examination that they can be distinguished. 
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In kohl-rabi, which like the potato is a dicotyledon, the larger part of 
the thickened stem is composed of the central cylinder through which run 
numerous vascular bundles that show secondary thickening. The cortex 
is a thin outer layer (Fig. 211). 

In ginger, a monocotylcHlon, the central cylinder and the cortex are 
clearly distinguished, though both are thickened (P'ig. 212). 

In the taro {Colocasia esculenta)^ another monocotyledon, food is stored 
largely in the central 
cylinder, and the cor- 
tex is relatively narrow 
(Fig. 213). 

There are stems 
which are especially 
thickened and modi- 
fied for the storage of 
water. This is partic- 
ularly true of the cacti 
(Figs. 277, 279). 

In the Malayan 
region there are cer- 
tain curious epiphytic 
plants that may be 
mentioned in this connection. The basal portion of the stem is 
greatly enlarged and consists mostly of water-storing tissue (Figs. 
214, 215). In this basal portion are conspicuous labyrinthine 
cavities w^hich are connected with the external atmosphere by 
means of small openings. The cavities are inhabited by ants. 
Various functions have been assigned to these cavities by dif- 
ferent botanists, while others think that they have no particular 
function. Some regard them as devices for aeration, others con- 
sider that the ants which inhabit them benefit the plant by leaving 
debris from which the plant absorbs nutrient material, while still 
other observers believe that the ants serve as a means of defense 
for the plant. 

Protection. The spines of many plants are modified branches 
(Figs. 199, 216). In some cases these spines protect the plante to 
some extent from being eaten by browsing animals. 



Fig. 216. Branches of lime {Citrus aurantifolia) 
modified as spines. ( X 



CHAPTER XI 


THE ROOT 


In general the roots of a plant serve to absorb water and min- 
eral matter from the soil and to anchor the plant in the ground. 
These may be said to be the chief functions of roots. 

Absorption of water. The 
stems, leaves, and fruits of 
plants are usually exposed to 
high rates of evaporation in 
the air, from w hich they are 
protected by a covering that 
is more or less impervious 
to water. This coating not 
only reduces the amount of 
water that they lose through 
transpiration, but at the 
same time prevents them 
from absorbing water from 
the atmosphere. Such plants 
are therefore dependent on 
their roots for the absorption 
of water. 

Absorption of minerals. 

Plants need not only water, 
carbon dioxide, and oxygen, 
but also nitrogen, sulfur, 
phosphorus, potassium, cal- 
cium, magnesium, and iron. These last elements are obtained 
from the soil in the form of compounds dissolved in water. Some 
plants probably require, in addition, sodium and chlorine. 

Anchorage. Plants that are growing in the ground need roots 
not only for the absorption of water and mineral matter but also 
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Fic. 217. Climbing stem of Raphidophora^ 
showing short roots that attach the stem 
to the support, and long ones that grow to 
the ground and absorb water. ( X i) 
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in order that they may be anchored to the substratum ; otherwise, 
erect plants would be blown over by the wind, while small creep- 
ing plants might be carried to unfavorable situations. There are 
three different types of root systems. Many dicotyledonous plants 
develop a long main root which grows deep in the soil and produces 
smaller secondary roots ; such long roots are called tap-rooU. In 
other cases the plant, in- 
stead of having a tap-root, 
is anchored in the ground 
by several large secondary 
roots. M onoco ty ledonous 
roots, like monocotyledon- 
ous stems, do not have 
secondary thickening, and 
so such roots never become 
very large. Monocotyle- 
donous plants are usually 
anchored in the ground 
by numerous small roots. 

This is conspicuously the 
case with large palms such 
as the coconut. 

Aerial roots. Roots are 
characteristically subterra- 
nean structures, but they 
may develop in the air. 

Such is the case with many 
climbing plants (Fig. 217) 
and also with epiphytes 
(Fig. 2). In both of these cases the roots still have the functions 
of absorbing water and anchoring the plant. In epiphytic plants 
many of the roots grow so close to the bark of the plant on which 
they are found as to become attached to it ; they are, at the same 
time, in a fairly favorable position for the absorption of water. 
Certain climbing plants develop two types of roots : small, short 
roots which anchor the plant to its support, and longer ones which 
reach down to the ground and serve more particularly for the 
absorption of water (Fig. 217). 



Fig. 218. Radish with greatly thickened 
storage root. ( X )) 
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Incidental functions. Roots have not only the two principal 
functions mentioned above but also functions that are incidental 
to these, as well as other functions, such as respiration, which are 
common to all plant parts. We shall find later that water absorbed 
by the roots is taken in very largely by the small young roots. In 
order that this water may reach the stem it must pass through the 
larger roots. In the same way manufactured food which comes 

down the stem from the leaves can reach 
the smaller roots only by passing through 
the larger ones. Thus it will be seen that 
roots, like stems, have the incidental 
function of conducting food and water. 
The cells in which such conduction is 
carried on are alike in roots and stems. 
Roots also, like stems, serve for the stor- 
age of food (the more safely for l)eing 
underground) and are sometimes greatly 
thickened with storage tissue (Fig. 218). 

GROWTH OF ROOTS 

Rootcap. Roots are like stems in 
having at the tip a growing region, 
called the growing point. As the growing 
point is composed of meristematic cells 
which are soft and have thin walls, oh- 
viously it must be protected in some 
way; otherwise the meristematic cells 
would be destroyed while being pushed through the soil. This 
protective function is performed by a cap-shaped structure, the 
rootcap, which covers the growing point (Figs. 219, 221). The 
rootcap and the tip of the root are joined at the growing point, 
which consists of a small group of meristematic cells (Fig. 220). 
The outer part of the growing point produces cells that are added 
to the rootcap, while the inner portion forms cells which increase 
the length of the root. 

The rootcap not only protects the growing point of the root 
but also serves as a boring point. It is especially fitted for this 



Fig. 219. Tip of aerial root 
of Pandanus tectorius, show- 
ing rootcap 

See Fig. 234. (x i) 
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function because it is conical in shape, and probably even more so 
on account of the fact that the cell walls, or at least the middle 
lamellae of the old cells, become gelatinous. This makes the surface 
of the rootcap rather slimy, so that friction with the soil particles is 



Fic. 220. Longitudinal section of a tip of an onion root 

The growing point is in the center of the drawing and consists of three regions : 
one which produces the rootcap, one which gives rise to the cortex and epider- 
mis, and one w'hich forms the stele. (X 270) 


greatly reduced and the tip can move through the soil more readily. 
As the rootcap is pushed forward through the soil particles the 
older cells are rubbed off and are replaced by younger ones which 
are produced from the meristem at the junction of the rootcap and 
the tip of the root. 
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Grand period of growth. A portion of a root, like any other 
part of a plant, has a grand period of growth which can be divided 
into a phase of formation, a phase of elongation, and a phase of 

maturation. As has 
been said before, the 
celts that add to the 
length of the root are 
produced on the basal 
side of the growing 
point. After these cells 
are cut off from the 
growing point they un- 
dergo a limited number 
of divisions. The part 
of the root in which 
division is most active 
is in the phase of for- 
mation, and the region 
in which this division 
occurs may be termed 
the region of formation. 
After dividing several 
times the ceils derived 
from the growing point 
cease to divide, and 
elongate very consider- 
ably (Fig. 221). The re- 
gion in which this is 
going on most actively 
is called the region of 
elongation, and the por- 
tion that is elongating 
is in the phase of elon- 
gation. The greatest increase in length of any portion of a root 
occurs while it is in this phase. Fig. 13 gives an idea of the elonga- 
tion of one cell. After a portion of a root has reached its mature 
length the cells in that part take on their final characteristics. A 
region in which this is occurring is in the phase of maturation. 



Fig. 221. Tip of root of miUet 

Below ifl the rootcap. Above the cap is the region 
of elongation, and above this a portion of the 
root-hair zone showing growth of root hairs. 
(X 35) 
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In the case of the root, as in that of the stem, the portion that 
is in the phase of formation grows slowly ; at the end of the phase 
of formation the rate of growth increases, and continues to increase 
until the most rapid rate is reached during the phase of elongation ; 
after this the rate of growth in length again decreases until, at the 
end of the period of maturation, growth ceases altogether. Growth 
is therefore most rapid not at the tip but slightly back of the tip 
in the region of elongation. 

In general the region of elongation is much longer in stems than 
in roots. This is probably connected, in part at least, with the 
fact that the air offers very little resistance to the growth of stems, 
while the roots, in growing through the soil, meet with considerable 
resistance. If the elongating region of a root, which is composed of 
soft tissue, were of considerable length, the resistance offered to its 
movement through the soil would cause it to crumple. 

ABSORPTION OF MATERIALS 

Root hairs. We have seen that one of the principal functions of 
ordinary roots is to absorb water. It is therefore essential that they 
should have a large surface for the performance of this function, 
as the larger the absorbing surface the greater the rate of absorp- 
tion. Enlargement of the surface is produced by the growth of 
long, slender projections from the cells of the outermost layer, or 
epidermis, of the root. These projections are called root hairs 
(Fig. 221). Root hairs are not cut off from the epidermal cells but 
are simply projections from them (Fig. 222). Most of the water 
absorbed by the roots is taken in by these hairs. They contain a 
lining of protoplasm within which is a large vacuole. As a root 
hair is the most active part of an epidermal cell, the nucleus is 
usually found in the root hair. 

Since root hairs serve largely for the absorption of water, it is 
not surprising to find that many of the plants that grow sub- 
merged in water do not possess them. 

Physical characteristics of the soil. In order to understand how 
roots absorb substances from the soil it will be necessary to con- 
sider the physical characteristics of the soil itself. The soil is made 
up of small irregularly shaped particles of rock and decomposing 
organic matter, with spaces between the particles. If the soil is 
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well drained these spaces are largely filled with air. The water 
occurs as very thin films which adhere to the soil particles. The 
force by which this water is held is very great ; it is so great that 
the water cannot all be removed by evaporation without the ap- 
plication of heat. 

The air found between the soil particles is essential to the 
respiration of the roots of most plants. The presence of air can be 
very clearly demonstrated by putting a mass of soil under water, 

when the water will displace the air in 
the spaces and the air will Ix' seen 
leaving the top of the soil in the form 
of bubbles. Many plants cannot live 
in a soil that is flooded, as such a soil 
does not contain sufficient o.xygen for 
the respiration of their roots. 

Contact of root hairs with soil parti- 
cles. The formation of root hairs aids 
in the absorption of water not only 
because it increases the absorbing sur- 
face but also because the hairs come 
in closer contact with the soil particles 
than would possible in the case of 
large roots. 

Growth of root hairs. Root hairs 
tend to grow out at right angles from 
the surface of the roots, but when 
they are in the soil they soon meet with soil particles and are 
thus turned aside. In doing this their surfaces conform to those 
of the particles around which they grow, so that they are in very 
intimate contact with the soil particles. Growth in root hairs 
occurs only at the tip, which is protected by having a thickened 
wall (Fig. 222). Growth at any point other than the tip would 
loosen the attachment of the hairs to the soil particles. 

Location of root hairs. Root hairs do not occur at the tip of the 
root or in the region of elongation. If they did occur in these 
places, they would, on account of their close contact with the soil 
particles, be likely to be broken as the tip was pushed through the 
soil. Root hairs are ephemeral structures, and after they have 



Fig. 222. Sertion showing the 
formation of root hairs in 
millet root. ( X 280) 
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functioned for a short time they dry up and disappear, so that they 
occur in only a short zone, which is called the root-hair zone. 

Anchorage by root hairs. The close contact of the root hairs 
with the soil particles is of advantage in more ways than simply 
for absorbing water and minerals from the soil. The contact with 
the soil particles is so close that when the root is pulled from the 
soil either the hairs are broken off or the soil particles adhere to 
the roots (Figs. 223, 224). This adhesion of the 
hairs to the soil particles aids in anchoring the 
plant in the ground. It is also of advantage in 
that the part of the root which bears the root hairs 
is firmly anchored, so that when the more apical 
portion increa'^es in length the root-hair zone is 
held firmly in position and the tip is shoved forward. 

Absorption of water. The cell wall of the root 
hair is lined with a thin layer of protoplasm, within 
which is a large vacuole that has sugar and other 
substances dissolved in it. The protoplasm acts as 
a st'mipermeable membrane around the vacuole, 
while the plfisma membrane which bounds the 
cytoplasm is a semi|X'rmeable membrane around 
the remainder of the protoplasm. The osmotic 
pre.ssure in the root hair is greater than that of 
the surrounding soil water, and so water is drawn 
from the soil into the root hair. Osmotic pressure 
is also instrumental in causing the movement of 
water from cell to cell in the cortex of the root. 

Passage of water through the cortex. When water passes into 
a root hair, it goes from a solution with a low osmotic pressure to 
one with a high osmotic pressure ; when it passes from the paren- 
chyma cells to the vessels, the reverse is the case ; but the water 
is frequently forced into the vessels under considerable pressure. 
This is clearly shown in the bleeding, or exudation of water, from 
the stems of many plants after the upper part of the plant has been 
removed. The bleeding seems to be due to great turgidity and 
high turgor pressure in the parenchyma cells. When pressure 
within the cells becomes sufficiently great, water and other sub- 
stances to which the protoplasm is permeable apj)ear to be forced 



Fig. 223. Seed* 
ling of radish, 
showing root 
hairs grown 
in moi^t air. 

( X 
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out of the cells under pressure; but this process is not fully 
understood. 

Turgor pressure. The pressure of bleeding is often designated 
as root pressure because when plants are turgid the roots usually 
produce such a pressure. Turgor pressure is a more appropriate 
name, however, as pressure of a similar nature may be produced in 
other parts of plants. 

Turgor pressure of roots cannot be consid- 
ered as an explanation of the movement of 
water up the stem, as such pressure can occur 
only when the parenchyma cells of the root are 
turgid, and this is not usually the ctise when 
transpiration is active and the movement of 
water most rapid. At such times there is little, 
or no turgor pressure, and water may be ab- 
sorbed by the stump of a decapitated stem 
instead of being exuded from it. 

Bleeding is largely resp<jnsible for the exuda- 
tion of maple sap or the sweet juices from palm 
inflorescences (Figs. 155, 156) that have been 
cut and that yield sugar or, after fermentation, 
produce alcoholic beverages or vinegar. The 
Mexican alcoholic beverage known as pulque 
has a similar origin, as it is the fermented juice 
obtained from agave plants from which the buds 
have been removed. 

Absorption of minerals. The water around 
the soil particles contains mineral matter which is dissolved from 
the soil. This water is in contact with that in the cell wall of the 
root hair, and so is continuous with it, while the water in the cell 
wall is in turn continuous with that in the interior of the hair. 
The mineral matter dissolved in the soil water tends to diffuse 
into the water in the cell wall, and through that into the interior 
of the ceil. In this way mineral matter passes from the soil into 
the plant. While in the root hairs the plasma membrane, or outer 
layer of protoplasm, is impermeable to sugar and many other 
substances within the cell, it is permeable to many of the simple 
inorganic compounds found in the soil. The diffusion of the 



Fic. 224. See<Ming 
of radish from seed 
planted in the soil 

Note the adherence 
of soil to root hairs 
and compare with 
Fig. 223. (X U) 
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mineral matter through the plasma membrane is independent of 
the movement of the water. 

By the use of a piece of parchment paper separating a solu- 
tion of sugar from pure water it is very easy to demonstrate that 
the movement of a solvent and the movement of the solute through 
a membrane may be independent of each other. The volume of 
the sugar solution will increase, showing that it has absorbed 
water, while at the same time some of the sugar will pass in the 
opposite direction into the pure water. The movement of water 
in one direction and of a dissolved substance in the opposite di- 
rection through the same membrane at the same time can be 
strikingly shown by the use of the thistle-tube apparatus shown 
in Fig. 75. The bulb of the thistle tube is filled with concentrated 
sugar solution, a piece of parchment paper is tied over the mouth 
of the bulb, the tube is inverted, and the bulb is immersed in dis- 
tilled w ater. Water is drawn into the sugar solution, as is shown 
by the fact that the latter rises in the thistle tube. If now we re- 
peat the same experiment with the addition of coloring the sugar 
solution with eosin, the sugar solution still rises in the tube while 
some of the eosin passes out through the parchment paper and 
colors the distilled water. In other words, the movements of the 
eosin and the water are independent. 

Accumulation of mineral matter in a plant. As movement by 
diffusion is ahvays from a greater to a less concentration, a given 
kind of mineral matter w ould be expected to enter a plant only so 
long as the concentration of that particular substance was greater 
outside than inside the plant. The original substance, however, 
after entering a plant, is usually combined with others in such a 
way that it no longer exists in the same form as in the soil water. 
In this way the concentration of a given substance may remain 
greater outside than inside, even though it is absorbeil in large 
quantities. Owing to this fact a plant may accumulate a much 
greater proportion of a given element than is found in the soil 
water. 

Inasmuch as the diffusion of mineral matter dissolved in water 
is independent of the diffusion of the water itself, an increase 
in the amount of water absorbed by a plant w^ould not increase 
the amount of mineral matter absorbed if the water moved in the 
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plant only by diffusion. It is only owing to the fact that the water 
in the vessels moves as a steady stream, and not by diffusion, that 
transpiration can increase the amount of mineral matter taken in 
by a plant. 

It is indeed questionable how far transpiration can cause an 
accumulation of mineral matter in a plant. If any given mineral 
substance should accumulate anywhere in the plant in greater 
concentration than it occurs in the soil, it would tend to diffuse 
to a region of lower concentration and finally to the soil water. 
It is only as a given mineral substance is changed into some other 
substance that the elements composing it can accumulate in the 
plant to a much greater extent than that in which they occur in 
the soil water. 

Elements obtained from the soil. There are ten elements which 
are universally regarded as essential for the higher plants. The 
three which are found in carbohydrates (that is, carbon, hydrogen, 
and oxygen) are obtained from carbon dioxide and water. Carbon 
comes from carbon dioxide, hydrogen from water, and oxygen 
from both carbon dioxide and water. 

There are seven elements which must be obtained from the 
soil. These are nitrogen, sulfur, phosphorus, magnesium, iron, 
calcium, and potassium. Three of the.se are neces.sary for the man- 
ufacture of plant proteins. These are nitrogen, sulfur, and 
phosphonis. Nitrogen is a prominent constituent of all proteins; 
sulfur is found in proteins in .small amounts, but nevertheless is 
neces.sary for the building up of plant proteins ; phosphorus is an 
es.sential constituent of the conjugated proteins of the nucleus. 

Tw’o of the mineral elements from the soil are neces.sary for the 
formation of chlorophyll. These are iron and magnesium. Iron 
does not enter into the chlorophyll molecule, but chlorophyll can- 
not be formed except in the presence of iron. Magnesium is one 
of the elements in chlorophyll. 

Calcium is a constituent of the calcium pectate.of the middle 
lamella. Calcium is often deposited very abundantly in the form 
of calcium oxalate, which is a combination of calcium and oxalic 
acid (Figs. 22-24). The calcium appears to neutralize the harm- 
ful effect of the oxalic acid which is formed as a by-product of 
metabolism. Potassium is needed in considerable quantities, and 
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appears to play an important role in vital activities, as it is abun- 
dant in meristematic regions and cells rich in protoplasm. 

The above account is by no means a complete description of 
the physiological uses of the elements mentioned. The functions 
of some of the mineral elements are very complicated and are 
often rather obscure. 


SOIL 

Texture of soil. Soils are composed of particles which are 
classified according to their size as gravely sandy siUy and clay. 
These divisions are arbitrary, and the size limits assigned to the 
various classes by different authorities are not always the same. 
Particles over 1 millimeter in diameter may be regarded as gravel 
or rock ; those between 0.05 millimeter and 1 millimeter, as sand ; 
those between 0.005 millimeter and 0.05 millimeter, as silt; and 
those less than 0.005 millimeter, as clay. A soil containing a large 
proportion of sand is called a sandy soil, one with much clay a 
clay soil, while soils that are intermediate are loam^. 

The amount of water held by a soil varies with the total sur- 
face of the particles, and so clay, being more finely divided than 
sand, holds more water than sand, which dries out rather quickly. 

Movement of water in soil. During a rain, water enters the 
spaces in the soil and ex|)els the air. The action of gravity tends 
to carr>" the water down into the soil, but films are left around 
the soil particles. The downward movement of the water is known 
as percolaiion. After the rain has ceased, air is drawn into the soil 
as the water moves downward. Percolation continues until it 
reaches a region (the xvaier table) in which all the spaces are occupied 
by water. The percolation of water is most rapid in coarse soils 
and slowest in fine soils. In clay soil, percolation may be so slow 
that after the upper layers have become saturated much water runs 
off the surface, while the underlying layers remain relatively dry. 

The percolation of water is very important, as by this means 
a reserve supply is carried to lower levels. The soil loses water by 
evaporation from the surface, with the result that w’ater is drawn up 
from the lower levels in much the same w^ay as oil moves up a wick. 
Also, when a plant absorbs water from the soil particles in contact 
with the root hairs, water is drawn from more moist particles 
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to tliose from which the plant has taken water. It is owing to 
this movement of soil w^ater that a soil dries out rather uniformly. 

Water is drawn up in loam more rapidly than in sand or clay. 
The attraction of a soil for water increases with the total surface 
of the particles; consequently loam draws water with greater 
force than does sand. According to this reasoning we should ex- 
pect clay to draw water more rapidly than loam ; but clay is com- 
posed of such small particles, and the spaces between the particles 
are so small, that water is held with great force and there is less 
tendency for the water to percolate or be drawn up than in the 
case of loam. 

Loam allows sufficient w^ater to percolate through it, and then 
draws it up again with considerable rapidity. For this reason loam 
is better for agricultural purposes than is either sandy soil or clay. 
Moreover, the air spaces arc large enough to allow for sufficient 
aeration, which is not likely to be the case with clay. 

The upward movement of water takes place in the films around 
the particles, and so any interference with the continuity of the 
films tends to retard the movement. Water can be conserved by 
working the soil near the surface into a mulch, or loose layer, as' 
by this means the continuity of the films is interrupted, so that 
water is not drawn to the surface, where it would be lost by evapo- 
ration. That water is drawn to the surface to a greater extent in 
compact than in loose soil is shown in the case of footprints in a 
cultivated field. The soil under the footprints is more compact 
than the surrounding soil, and has a darker color due to the greater 
amount of water that it contains. 

Soil structure. The term soil structure is used to denote the 
manner in which the particles are arranged in a soil. When the 
fine particles are aggregated in granules, the soil is said to have 
a granular, or crumb, structure. Such a soil is loose and friable 
and is considered to be in good physical condition. If a clay soil 
is worked when it is wet, the granular structure is destroyed and 
the soU becomes compact and poorly aerated. The soil is then in 
poor physical condition. The wet condition is very persistent, and 
at the same time the soil is impervious to the percolation of any 
water. As the clay soil in this wet condition dries it shrinks and 
cracks, thus forming hard, tenacious clods. 
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Weight of soil. A given volume of sand is heavier than the same 
volume of clay, as the weight of the individual grains of sand is suf- 
ficient to overcome considerable friction and to cause the particles 
to be compactly arranged, so that the pore space is decreased to a 
greater extent than is the case with lighter particles such as clay. 

Water has a tendency to bind soil particles together, as is shown 
in the case of sand, which can be molded to some extent when wet 
but falls apart when dry. Owing to the greater amount of surface 
afforded by the small particles of clay, water binds particles of 
clay together with much more force than it does grains of sand. It 
is partly for this reason that clay is tenacious and harder to plow 
than sand, and it is owing to these properties that a farmer regards 
clay as a heavy soil and sand as a light soil. 

Water absorption and transpiration. When soil contains a 
considerable quantity of water, it gives up water te plants more 
readily than when it is dry. The amount of water in the soil may 
therefore l3e a very important factor in determining whether or 
not a given rate of transpiration is excessive. In order that a plant 
may live it must, over an extensive period, absorb as much water 
as it loses through transpiration. If the rate of transpiration con- 
tinues to be greater than the rate of absorption, the plant will 
ultimately wither and die. ^\^len there is a sufficient supply of 
water in the soil, a plant may be able to replace the amount of 
water lost, even when the rate of transpiration is comparatively 
high ; if there is less water in the soil, the same rate of transpiration 
may cause the plant to succumb to drought. 

Available soil moisture. Plants not only cannot absorb water 
as rapidly from a dry soil as from a moist soil, but they will wilt 
long before all the water is removed from the soil. ^Vhen the water 
is reduced below a certain amount, a plant cannot absorb it fast 
enough to replace loss through transpiration, and so wilting ensues. 
Therefore not all the water that is in the soil is available. The 
percentage of w'ater that is left in a soil when a plant wilts is called 
the wilting coefficient of that soil. This wilting coefficient varies 
with different soils, being higher with fine soil than with coarse 
soils. It also varies with the rate of evaporation, as a plant will 
wilt with more water in a soil when the rate of transpiration is high 
than when it is low. 
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Effects of cultivation. Cultivation destroys weeds and renders 
the soil more porous, so that it is better aerated, water is absorbed 
readily, and roots can penetrate it easily. As has already been 
pointed out, cultivation of the surface layers may decrease the 
amount of water lost from the soil through evaporation. 

Humus. Soils contain varying quantities of dark-colored de- 
caying organic matter known as humus. It is owing to the pres- 
ence of humus in soil that the soil is usually darker-colored than 
the subsoil. As a source of nitrogen, humus is a very important 
constituent of soils. It is also valuable in other ways. Humus has 
great capacity for absorbing water and so may have great value 
in increasing the water-holding capacity of a soil. Clay soil is 
rendered more porous by the presence of humus. 

Oiganisms in the soil. In addition to containing the roots of 
plants, the soil is the home of a lanje variety of orgjmisms which 
have great influence on soil fertility. Green plants can utilize ma- 
terials only when they are in the form of simple compounds, and 
so the remains from plants and animals must be decomposed 
before they are available to the higher plants. Animals take part 
in this process. Earthworms break down organic materials and 
also mix the soil. Bacteria and fungi are very numerous in the 
soil and are most important agents for the decomposition of 
organic material. When nitrogenous conjpounds are broken down, 
the chief end product is ammonia. In the soil are bacteria which 
oxidize the ammonia to nitrites and others which oxidize the 
nitrites to nitrates, the form in which nitrogen is most readily 
absorbed by green plants. These nitrifying bacteria are very im- 
portant in preserving the fertility of the soil, because without them 
much of the ammonia, which is a gas, would escape and be lost in 
the atmosphere. From the standpoint of soil fertility other soil 
bacteria known as nitrogen-fixing bacteria are most important. 
Th^ bacteria have the ability to assimilate the free nitrogen of 
the air ; through their activity combined nitrogen is added to the 
soil and can be used by higher plants. Nitrifying and nitrogen- 
fixing bacteria are described at greater length in a later chapter. 
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THE ANATOMY OF ROOTS 

General regions. The general internal structure of stems and 
roots is very similar. In both cases there is a central stele which is 
surrounded by a cortex (Figs. 225, 226). In stems this is in turn 
surrounded by an epidermis. Some authorities maintain that in 
roots there is no true epidermis, but that this structure is repre- 
sented morphologically in the formation of the primary rootcap. 
Others, however, contend that the outermost layer of the root is 
morphologically an epidermis, but that it is not such physiologi- 
cally, as it is an absorbing and not a protective structure. These 
theoretical considerations need not concern us here ; for the sake 
of simplicity we may regard the outermost layer of the root as an 
epidermis. 

Epidermis. The epidermis of a root is, as we have seen, very 
different in structure and function from that of stems and leaves, 
but agrees with that of the latter in being a single layer of cells. 

Roots that grow underground are not exposed to high rates of 
evaporation, and so they do not need to have cutinized walls to 
protect them from transpiration. Moreover, if their walls were 
cutinized or thickened, this would interfere with the absorption of 
water. The walls are thin, soft cellulose membranes. The prin- 
cipal peculiarity of these cells consists in the presence of the long 
root hairs, the structure and function of which have already been 
discussed. 

Stele. The general structure of monocotyledonous and dicoty- 
ledonous roots is very similar (Figs. 226, 227). This applies to 
the arrangement of vascular bundles as well as to other features, 
and is strikingly in contrast with the great difference in arrange- 
ment of bundles in monocotyledonous and dicotyledonous stems. 

The stele of roots is usually much smaller in comparison with 
the cortex than is the case with stems (Figs. 226, 227). This is due 
to the greater centralization of the thick-walled elements in roots 
than in stems, which is connected with the fact, as previously ex- 
plained, that the stress which roots have to withstand is largely 
longitudinal tension. 

The center of the stele may be occupied by thin-wall pith cells, 
by thick-walled sclerenchymatous cells, or by one or more xylem 



Flc. 22$» Portion of section of root of a monocotyledonous plant (Hedychium 
coroftorium) , showing stele and portion of cortex and epidermis 

epidermis; c, cortex; en, endodermis ; p, pericycle; phloem; xylem 

vessel, (x 85 ) 
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vessels. Around this central portion the xylem, as seen in cross 
section, is arranged in rays which are usually widest near the center 
and taper toward the outside (Figs. 226, 227) . The phloem occurs in 
groups between the xylem regions, and not exterior to the xylem, 
as in stems. The alternate arrangement of the xylem and phloem 
is apparently connected with the absorbing function of roots. As 



Fig. 226. Cross section of root of a species of Wandering Jew iCommelina), 
a monocotyleclonous plant 

e, epidermis; c, cortex; en, endodermis; pa, passage cell; pe, pericycle; 
ph, phloem; x, xylem. (x 55) 

the phloem is not at the outside of the xylem, water may pass 
straight from the epidermis to the xylem without going through 
the phloem. 

Pericycle. The outermost part of the stele is, as in stems, the 
pericycle. In roots the pericycle never contains sclerenchyma cells 
but is composed altogether of parenchyma cells, and usually con- 
sists of only a single layer (Figs. 226, 230). 





Fig. 227. Cross section of young root of a dicotyledonous plant, mungo bean 
{Phaseolus radiatus) 

In the 8tele there are four rows of xylem vessels, the protoxylera, one of which 
is labeled x. Alternating with the xylem is the phloem, ph. (X 70) 



Fic. 228. Cross section of a portion of root of Wandering Jew (Commelina)^ 
showing endodermis and passage cell 

The endodermis is a row of thick-walled cells running across the drawing; the 
passage cell is the thin-walled cell in this row. Note the xylem below the pas- 

)cell. (X300) 
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Cortex. The cortex lies between the stele and the epidermis. 
The innermost layer of the cortex in the stem is known as the 
starch sheath. In roots this layer is called the eiidodermis. The 
walls of the cells of 
the endodermis, and 
particularly the radial 
ones, are partially cu- 
tinized. The walls 
may remain thin (Fig. 

230) or they may be 
thickened (Figs. 225, 

226). In the latter 
case all the walls may 
be equally thickened, 
but usually the radial 
and inner walls are 
thicker than the outer 
walls. Certain cells 
found in the endoder- 
mis near the ends of 
the xylem rays (Figs. 

226, 228) remain thin- 
walled as long as that 
part of the root is ab- 
sorbing water through 
its root hairs. Such 
thin-walled cells are 
called passage cells and 
apparently serve as 
passageways for water 
going from the cortex 
into the stele. An en- 
dodermis containing thick-walled cells and passage cells appears 
to direct the movement of water so that it shall pass directly to 
the xylem and not through the phloem. Thus it enters the xylem 
and is conducted upward without getting into the sieve tubes and 
diluting their contents. In old parts of roots the cortex often dis- 
appears and the endodermis functions as an epidermis (Fig. 232), 



Fic. 229. Longitudinal section of a portion of an 
onion root, showing internal origin of branch 
root. (X 175) 
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The endodermal cells fit close together, so that there are no air 
spaces between them. As there are air spaces between the other 
cells of the cortex, the lack of them in the endodermis would 
appear to decrease the diffusion of air into the vascular tissues. 



Fic. 230. Cross section of root of mungo bean iPhaseolus radiatus) older than 
that shown in Fig. 227 

e, epidermis ; c, cortex ; en, endodermis : p, pcricycle ; co, cambium region ; 
p/i, phloem; px, protoxylem ; mx, inetaxylem. (X 86) 

The part of the cortex outside of the endodermis is frequently 
composed of parenchyma cells only. These cells may serve for 
the slow movement and storage of food. As in the case of stems, 
the cortex in young roots is of importance in giving rigidity. This 
is done by means of turgor. The epidermis of the root is usually 
an ephemeral structure. In many cases the cell walls of the outer 
layers of the cortex become thickened, and these layers take the 
place of the epidermis. 
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The cortex of the root does not contain collenchyma, as does 
that of many stems. In stems the collenchyma usually forms a 
continuous band in the outer part of the cortex. As was previously 
explained, this distribution of collenchyma is connected with the 
resistance which stems have to offer to bending stresses. As roots 



Fic. 231. Cross section of central portion of root of roungo bean iPhaseolus 
radiatus ) after secondary xylein has been formed from the cambium 

c, endodermis; p, pericycle; p^, phloem; ca, cambium; px, primary xylem; 
«x, secondary xylcm. (x 115) 

are not subject to the same type of stresses, there is not the same 
necessity for the development of collenchyma. 

Roots that are in the ground cannot carry on photosynthesis, 
and in such cases chlorophyll is not developed in the cortex. In 
roots which normally are exposed to the light, however, chlorophyll 
is frequently developed in the parcnchjuna cells of the cortex, and 
in this case the cells are chlorenchyma cells. 

Branch roots. The branches of stems originate as superficial 
outgrowths in which both the epidermis and the underlying tissues 
take part. The cortex and epidermis of the branch and those of 
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the main stem are therefore continuous. In roots, on the other 
hand, a branch originates in the pericycle and forces its way 
through the corte.x and epidermis, breaking these tissues as it 
grows (Fig. 229). Owing to their method of origin, therefore, the 



FiC. 232. Cross section of root of niungo bt^an iPhaseolus radiatus) after all 
of the cortex except the entlodermis has disappeared 

€f endodermis ; p, pericycle ; p/i, phloem ; px, primary xylem ; sx, secondary 
xylem; r, pith ray. (X 80) 

epidermis and the cortex of a branch root are not continuous with 
the epidermis and the cortex of the main root. 

Secondary thickening. Dicotyledonous roots, like dicotyle- 
donous stems, increase in thickness owing to the activity of the 
cambium. In very young roots there is no cambium (Fig. 227). 
The beginning of the process of secondary thickening is initiated 
by the formation of a cambium in the stele on the inner side 
of each of the groups of phloem (Fig. 230). Subsequently this 
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cambium extends around the outer end of the rays of the xylem, 
so that it forms a convoluted cylinder (Fig. 230). By the activity 
of the cambium, secondary phloem is formed on the inner side of 
the primary phloem. The secondary xylem is not formed next 
to the primary xylem but opposite the secondary phloem (Fig. 

231) , while a pith ray is formed exterior to each of the primary 
rays of xylem (Figs. 231, 

232) . Although at first 
the cambium has the form 
of a convoluted cylinder, 
the convolutions are soon 
straightened out by un- 
equal rates of growth in 
different places, and the 
cambium, as seen in the 
cross section, becomes a 
regular circle (Fig, 232). 

The subsequent activity 
of the cambium in the 
root is similar to that in 
the stem. 

SPECIALIZED ROOTS 

The ’chief functions of 
roots are the absorption 
of water and mineral 
matter and the anchor- 
age of the plant. Some 
parasites have specialized 
roots that produce haustoria (Fig. 8) which perform these func- 
tions. Moreover, roots, like other organs, may be specialized for 
functions which are not, in general, characteristic of the organ 
concerned. 

Such specialized roots may 1x5 classified according to their 
functions under the following headings : photosytUheds (leaf func- 
tion), support (stem function), reproduction (seed function), storagCj 
BX^ aeration. 



Fic. 233. Taeniophyllum,, a leafless epiphytic 
orchid with roots which serve for photo- 
synthesis. ( X j) 
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miotosynthesis (leaf function). Underground roots are not 
exposed to the light, and so are not in a position to carry on pho- 



^Ic. 234. Pandanus tectoriun with prop roots. ( X 

This plant is very common alonathe strand in the Eastern tropics 
and is planted throughout the tropics as an ornamental plant 

toeynthesis. Such roots do not develop chlorophyll. The roots 
of many epiphytes and of some vines, however, are exposed to the 
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light, and such roots usually possess chlorophyll and so manufac- 
ture food by means of photosynthesis. In the epiphytic orchid 
Taeniophyllum (Fig. 233) this function is performed almost en- 
tirely by the roots. This plant has no leaves and only a small 
stem, to which the roots are attached and which bears the flower 



Fig. 237. Roots of strangling Fic. 238. An old specimen of strangling fig in 
fig on a large tree trunk which the roots serve as trunks 


shoots. The roots, on the other hand, are highly developed and 
contain chlorophyll. 

Support (stem function). In a number of cases, roots take the 
place of stems in serving as supports. This is the case in the 
genus Pandanus (Fig. 234), where that part of the stem which is 
near the ground is very small and incapable of supporting the 
weight of the plant. Large roots grow out from the main stem 
and serve to brace it; such roots are called brace roots. Other 
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roots grow down from the branches and prop them up ; such roots 
are known as prop ro(As. Rhizophora (Figs. 235, 281) has similar 
brace and prop roots. Corn has brace roots. These roots grow 
out in whorls from the lower nodes and serve to brace the stem 
of the plant. 



Fic. 239. Aerial adventitiou* roots of the ivy 


Prop roots are conspicuous in many species of the genus Ficus 
(Fig. JS6), and particularly in the banyan tree. In the latter case 
large roots extend down from the larger branches and serve as 
secondary trunks. As a result one plant may extend over a con- 
siderable area and be supported by a large number of prop roots 
which, from the standpoint of function, may be regarded as addi- 
tional trunks 
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Another very interesting example of supporting roots is afforded 
by the strangling figs of tropical forests. These plants start as 
epiphytes in the tops of the trees and send down roots that reach 
the ground (Fig. 237). Branches from these roots grow around the 
tree and coalesce either with each other or with the main root, 
until the trunk of the tree is usually enclosed by a network. As 
this grows and coalesces, it interferes with the growth of the tree, 
the fig leaves shade the tree, and the roots of the fig interfere with 



sweet potato modi- 
fied for food storage, 
(xi) 


those of the tree. This combination usually results in the death of 
the tree on which the fig is growing. The meshlike support of the 
fig continues to grow until it may finally have the appearance of a 
solid trunk. Usually, however, some of the meshes persist. The 
final appearance of these figs is greatly influenced by the form amd 
height of the trees on which they start. When they grow on slant- 
ing or peculiarly shaped trees, they sometimes assume very fan- 
tastic shapes (Fig. 238). 

Climbii^ plants may be attached to their supports by means 
of roots and so be supported by the roots (Figs. 217, 239). 



Fic. 242. Clustered, fleshy roots of the dahlia, with much stored idant food, in 

early spring. ( X J) 

stf remains of last year’s stem ; sh^ young shoots beginning to sprout from the 
upper ends of the roots. (From Bergen and Caldwell, Practical BoUiny) 



Fic. 243. Cross section of en- Fic. 244. Cross section of storage 
larged storage root of turnip root of white radish 


Note that it is composed largely The circle inside the root repro- 
of xylem seats the cambium 


Fig. 245. Cross section of storage Fic. 246. Cross section of the stor- 
root of sweet potato age root of carrot 

The circular line in the root repre- The irregularly circular line in the 
aenta the cambium root repceaenta the cambium 



Fig. 247. Cross section of the stor- 
age root of parsnip 

The irregularly circular line in the 
root represents the cambium 


Fig. 248. Cross section of storage 
root of Pachyrrhixui erosui^ yam 
bean or sincamas 


Note that the xylem occupies al- 
most the entire cross section and 
that the cambium is represented 
by a line near the periphery of the 



These roots contain a great develop- 
raent of air spaces through which air 
can pass to the submerged portions of 
the plant. (X J) 

Many trees in the tropics have 
bttUress roots (Fig. 254) which are 
planklike extensions growing from 
the upper portions of large roots. 
Such buttress roots are fre- 
quently made into table tops. 

Reproduction (seed function). 
The roots of many plants produce 
adventitious buds which grow into 
new plants and reproduce the spe- 
cies. Some plants are reproduced 
artificially by root cuttings. 

Storage. Underground roots 
may become very much thick- 
ened and serve as organs for the 
storage of food. Such is the case in sweet potatoes (Fig. 240), 
yams, radishes (Fig. 218), turnips (Fig. 241), parsnips, oarrots, 
and dahlias (Fig. 242). Roots may aJso store water. 
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In the storage roots the food may be stored largely in the cortex or the 
xylem region or in both. In turnips (Fig. 243) food is stored largely in the 
xylem, and the phloem and cortex are relatively narrow. In the radish 
(Fig. 244) and the sweet jx)tato (Fig. 245) the xylem is also the chief 
region of food storage, but food is also stored outside the xylem. In the 
carrot there is a more even distribution l)etween xylem and bark (Fig. 
246) ; while in the i3arsuip the bark is more prominent than the xylem 
(Fig. 247). In beets there are alternate layers of xylem and phloem owing 
to the formation of successive cambiums, as previously explained. 

Aeration. Specialized aerating roots are found on a number of 
plants that grow in submerged soil (Fig. 249). These are particu- 
larly prominent in mangrove swamps. Such roots contain a con- 
spicuous development of air space. Oxygen from the atmosphere 
diffuses into these spaces and then down into the underground 
root system. The aerating roots extend vertically out of the soil 
in some mangrove-swamp species (Fig. 282), and also in the 
bald cypress of the fresh-water swamps of the southeastern part 
of the United States. In the genus Rhiz&phora (Fig. 235) of 
the mangrove swamps the aerating roots grow from the trunk 
and branches and also serve as absorbing roots and as brace and 
prop roots. 
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PLANT GEOGRAPHY 

The physical characteristics of the vegetation of a given region 
are largely due to environmental conditions ; the systematic rela- 
tionships depend to a great extent on the past or present geographi- 
cal connections or barriers. When two regions have been separated 
for a considerable length of time by barriers such as high mountain 
chains or wide seas, which it is impossible for most plants to cross, 
the systematic composition of the vegetation in the two regions 
will be very different. If the environmental conditions are similar, 
however, the vegetation of two areas, whether separated or not, 
is likely to have the same general appearance because in most cases 
similar external conditions produce associations of plants whose 
fundamental physical characteristics are much alike. In the pres- 
ent chapter the vegetation of the world will be considered from the 
standpoint of the physical types of vegetation found in various 
environments. The most favorable environmental conditions for 
plant growth are found in those lowland regions of the tropics 
where moisture is abundant and where there is no pronounced dry 
season. If from moist tropical lowlands we proceed either to colder 
latitudes, to higher altitudes, or to drier regions, the environmental 
conditions become less favorable and the vegetation is less luxuri- 
ant. Forests of moist tropical lowlands therefore afford a conven- 
ient starting point for a discussion of the vegetation of the world. 

Tropical rain forests. Tropical lowlands, where soil conditions 
are favorable and w^here there is no distinct dry season or w^here 
the dry season is not long and severe, produce very luxuriant for- 
ests (Figs. 6, 250). Typically, the forest canopy is composed of three 
stories characterized by different types of trees. The trees of the 
top, or dominant, story form a nearly closed canopy which is fre- 
quently 60 meters or more in height. The crowns of the second 
story are beneath those of the dominant story and, like those of 
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Fic. 250. Rain forest on lower slope of Mount Maqniling, Philippine Islands 
Note the different heights of the trees. The feathery leaves belong to climbing palms (rattans) 
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the dominant story, frequently form a nearly closed canopy. The 
trees of the third, or lowest, story are usually small and slender 
and have small open crowns. The presence of these three stories 
of different trees is not usually evident on casual observation, for 
the composition of all the stories is very complex and few of the 
trees present any striking peculiarities. Moreover, smaller trees 
of a higher story always occur in a lower story as well as between 



Fic. 2S1. Climbing palms (rattans) in Philippine rain forest 


the different stories, while the different species of a story have dif- 
ferent heights. Erect palms are frequently numerous in the lower 
stories but are seldom a prominent part of the vegetation. 

Beneath the tree stories there is a ground covering, the com- 
position of which varies in different situations. In rather dry 
areas, particularly on ridges, it may consist largely of woody plants, 
while in moist situations, especially in ravines, herbs are abundant. 
Among the latter, ferns are frequently prominent. 

Large vines are always conspicuous in moist tropical forests. 
Among these are the climbing palms, bamboos, and aroids. In 
the Malayan region the long, feathery leaves of rattans (climbing 
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palms chiefly of the genus Calamus) are particularly striking (Figs. 
95, 251). Dicotyledonous vines are conspicuous chiefly as large 
cables hanging from the crowns of the tall trees. 

Epiphytic vegetation is abundant but is confined chiefly to the 
lai^r branches of dominant trees, where it frequently forms strik- 
ing aerial gardens. The 

Fic. 252. An epiphytic bromeliad iBillbergia) tbe ^p o( 

^ , the forests. Although 

Note that the leaves form um-shaped cups for l / i. • 
collecting water, which is absorbed by absorbing S'*®” a forest consists 
hairs on the leaves. ( x jV) chiefly of large trees, the 

thing that strikes the 
eye is not the gigantic trunks but rather the foliage which hides 
the trunks (Fig. 253). In some tropical forests the canopy is ex- 
ceedingly dense and there is little development of undergrowth 
and ground covering. Here the trunks of the trees stand out as 
gigantic columns. The great luxuriance of tropical rain forests is 
explained by the fact that moisture, temperature, and light are 
continuously favorable. The same favorable conditions, particu- 
larly in regard to moisture, are responsible for the great develop- 
ment of epiphytes. Large epiphytes are more dependent on a 
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continuous supply of atmospheric moisture than the terrestrial 
plants, and they cannot stand prolonged periods of adverse mois- 
ture conditions, whether these are due to lack of atmospheric 
moisture or to cold. In keeping with the great luxuriance of the 
vegetation, the number of species of trees, vines, and epiph3des 
in moist tropical forests is greater than in less favored regions. 



Fig. 253. View in rain forest on lower slope of Mount Maquiling, 
Philippine Islands 

Note the density of the foliage, which hides the large tree trunks 


More than a hundred species of trees have been counted on a 
quarter of a hectare. 

Flowers are usually inconspicuous in the forest. This is due to 
the fact that the production of flowers is extended over a long 
period instead of being crowded into a short flowering season, and 
to the fact that as one views the canopy from below the flowers 
are largely hidden by the foliage. 

Tropical forests have been considered as the home of bizarre 
plants. If the large number of species found in tropical forests is 
ta^ken into consideration, the number of curious species in the 
tropics is probably no greater in proportion to the total number 
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present than in other regions. If by curious is meant '' specialized/’ 
or different from the great majority of plants, then certainly desert 
vegetation is much more bizarre than is the vegetation of the moist 
tropics. The vegetation of the temperate zone, with its deciduous 
leaves, annual rings of growth, highly specialized bud scales, and 
other features connected with the winter season, is much more 
specialized than is tropical vegetation. Moist tropical vegetation 



Fig. 254. Base of a tree trunk showing buttress roots 


contains a greater wealth of forms than is found in less favored 
localities. Among these forms are many, such as climbing palms 
(Figs. 95, 251) and begonias, not found elsewhere. Such plants are 
hardly more peculiar in themselves than are other plants. That 
such plants have been described as peculiar is largely because they 
are unfamiliar in the native homes of those who have described 
them. 

A number of interesting types of plants do, however, occur in 
moist tropical forests (Fig. 65). Strangling figs (Figs. 237, 238) 
present a very peculiar appearance and are sometimes numerous. 
Trees with large buttress roots are rather common (Fig. 254). In 
a considerable number of species, flowers and fruits occur on the 
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trunks and the large branches, but such species constitute a very 
small, inconspicuous proportion of all the trees present. Humus- 
collecting epiphytic ferns (Figs. 104, 255) are sometimes abundant. 
Curious plants of the Malayan region also include large flowering 
parasites (Figs. 7, 189) and plants that have swollen stems (Figs. 
214, 215) which are inhabited by ants, but such plants are usually 
rare and never form a conspicuous part of the vegetation. 

Subtropical and 
warm temperate rain 
forests. In subtropical 
and warm temperate 
regions, where rainfall 
is abundant and well 
distributed through all 
parts of the year, there 
are evergreen forests. 

Near the tropics these 
are similar to the trop- 
ical rain forests, but 
as colder latitudes are 
reached the forests be- 
gin to partake more of 
the characteristics of 
the deciduous forests 
of the cold temperate 
regions. Subtropical and warm temperate forests are generally of 
lower stature than are the tropical rain forests, and they have 
fewer woody vines and epiphytes. Subtropical or warm temper- 
ate forests occur in southern Japan, Florida, northern Mexico, 
New Zealand, southeastern Australia, and parts of South America. 
In southeastern Australia they are found in gullies and valleys, 
and their luxuriance is due more to subterranean water than to 
rain. The rain forests of Australia and New 2^aland are charac- 
terized by a great abundance of tree ferns. 

Cold temperate deciduous forests. In cold temperate regions 
there are two classes of forests : the deciduous broad-leaved for- 
ests (Fig. 256) and the evergreen needle-leaved, or coniferous, 
forests (Fig. 257). The cold winter season, from a physiological 



Fic. 255. Drynaria, an epiphytic fern which has 
small humus-gathering leaves and large leaves 
which carry on photosynthesis and produce 
spores. ( X iV) 



244 


The Plant Kingdom 

standpoint, is a dry period, owing to the fact that low temperature 
hinders the absorption of water by the roots. In broad-leaved 
forests the lessened ability of the roots to absorb water is counter- 
balanced by the loss of the leaves, and so the trees are leafless dur- 
ing the winter season (Fig. 258). These deciduous forests are very 
much less luxuriant than the tropical rain forests. The trees form 

only a single story, and 
when this is well developed 
there is scanty develop- 
ment of undershrubs and 
herbs. The space under 
the main canopy is there- 
fore open (Fig. 259), in- 
stead of being densely filled 
as is the case in most of 
the tropical rain forests. 
Climbing vines are scarce 
and confined chiefly to the 
edges of the forests. Epi- 
phytes are also scanty and, 
except in the w armer parts 
of temperate zones, consist 
only of bryophy tes, lichens, 
and algae. The best devel- 
opment of deciduous for- 
ests occurs in the eastern 
part of the United States. 
During the winter sea- 
son the buds of most of the species are protected by specialized 
scales which prevent the buds from being desiccated (Fig. 114). 
The time of growth and development of the leaves is determined 
by the seasons. The winter buds contain the flowers and leaves 
of the coming spring and summer. The flowers usually expand at 
the beginning of the growing season, before the leaves appear or 
are fully developed. The leaf buds open and the leaves expand 
very rapidly. The foliage is fully developed early in the season, 
and the expansion of new leaves then ceases. During the latter 
part of the season the buds that will expand during the next 
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spring are formed, and food material, which will make possible 
rapid growth in the spring, is stored in the stems. 

The expansion of the foliage early in the season is of great ad- 
vantage, as it allows all the leaves to function for the greatest 
possible length of time. The early appearance of flowers allows 
time for the development 
of the fruit and at the 
same time facilitates polli- 
nation, as both wind and 
insects have freer access to 
the flowers in a leafless 
forest than in one in full 
foliage. 

One of the most striking 
characteristics of the for- 
ests is the behavior of small 
perennial herbs with por« 
sistent underground por- 
tions which send up flowers 
and leaves before the ap- 
pearance of the leaves on 
the trees and so make use 
of the bright light which 
reaches them before they 
are shaded by the foliage 
of the trees over them. 

The aerial parts of many 
of these plants disappear 
early in the season. 

The changes in appear- 
ance which the forests un- 
dergo with the changing seasons are very striking. During the 
winter the trees are leafless and only a portion of the herbaceous 
vegetation retains its foliage. In the spring early-flowering herbs 
carpet the ground and flower profusely, while shrubs and trees 
burst into bloom. Most of the trees are wind-pollinated and have 
inconspicuous flowers, but some of them have conspicuous insect- 
pollinated flowers. At this time the great array of blossoms 
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renders the forest an object of great beauty. In summer the 
foliage predominates and flowers are scarce. In autumn, before 
the trees shed their foliage, the leaves of many of them change 
from green to brilliant shades of red, yellow, and brown, and 
again the forest is strikingly beautiful. As the brightly colored 
leaves fall, the forest enters the period of winter rest. 

Coniferous forests. 
The evergreen coniferous 
trees of the north tem- 
perate zone are adapted 
to withstand the desic- 
cating effects of winter 
by having xerophytic 
needlelike or scalelike 
leaves (Figs. 991, 996). 
The xerophytic structure 
of the leaves enables the 
trees to retain their foli- 
age throughout the win- 
ter, the leaves of most 
species remaining on the 
trees for a number of 
years. The retention of 
the foliage throughout 
the year has the advan- 
tage that the leaves can 
carry on photosynthesis 
whenever conditions are 
favorable, and the same 
Fic. 25S. Leafless condition of a decidaous leaves can function for 

forest in the northeastern part of the United i 

several seasons. 

Undergrowth is usu- 
ally less dense in a well-developed temperate-zone coniferous 
forest than in a deciduous one. This is due in part to the fact 
that in the coniferous forests there is no season during which the 
undergrowth is not shaded by the foliage of the trees, and in part 
to the fact that a carpet of slowly decaying, dry, resinous leaves 
hinders the establishment of seedlings. 
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Vast areas in the north temperate zone are covered by coniferous 
forests (Figs. 990, 257, 260). These are well developed in Europe, 
Siberia, and Canada, and in the northern, western, and south- 
eastern portions of the United States. The northern boundary 
coincides everywhere with the limit of tree growth. The largest 



Fig. 259. Summer condition of a deciduous forest in the northeastern part of 

the United States 

Photograph by Dr. George E. Nichols 


stands of timber in the world are found in the coniferous forests 
which appear on the western coast of the United States. 

Tundra. From the standpoint of plant geography the boundary 
of the arctic region may be considered as the place where the last 
stunted trees disappear (Figs. 261, 262). This may be on either 
side of the arctic circle. North of this limit, where ice does not 
cover the ground tundra dominates the arctic region. The growth 
is usually open and always dwarf, and mosses and lichens predomi- 
nate. In favored situations there may be patches of me'adows or 
dwarfed shrubs. The growing season is very short, about tw'O 
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months, so that the spermatophytes rapidly pass through the 
stages from flowering to fruiting. One of the most striking 
characteristics of the tundra is the abundance and large size of 
the flowers as contrasted with the small, short stems (Fig. 263). 

Mountain vegetation. 
The vegetation at different 
altitudes on mountains is 
profoundly affected by the 
changes in the climate at 
different elevations. With 
rising altitudes the tem- 
perature steadily decreases 
until, if the mountain is 
sufficiently high, there is 
a perpetual cap of snow. 
Rainfall is usually heavier 
on the lower slopes of 
mountains than in the sur- 
rounding lowlands. This 
is due to the fact that as 
the warm air from the 
lowland is forced up the 
mountainside it cools, with 
the result that its water- 
holding capacity is less- 
ened and the consequent 
excess of water in the 
Fic. 260. Interior of coniferous forest, Taku atmosphere forms clouds. 
Inlet, Alaska which frequently give rise 

The trees are Picea sitchensis and Tsuga to rain. The amount of 
heterophyUa. Photograph by Dr. William S. rainfall increases up to a 

certain altitude, and then 
decreases because as the air continues to lose water in the form 
of rain it retains less and less moisture. The large rainfall at low 
and medium altitudes on mountains frequently results in a more 
luxuriant vegetation in these situations than in the neighboring 
drier lowlands. The greater luxuriance of the vegetation at low 
and medium altitudes on mountains is particularly striking when 





f'lG. 261. Birch forest with lichens, Lapland 
Photograph by C. G. Aim 



Fig. 262. Dwarf birch heath, Lapland 
Photograph by C. G. Aim 
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the mountains rise from a dry or desert region. This is seen in 
Arizona, where the country around the mountains, and even the 
lower slopes of the mountains themselves, produce only deserfJ 
vegetation, w^hile at higher altitudes there occur rather luxuriant, 
coniferous forests. 

On mountains the height of the forests decreases with rising 
elevation. At low and medium altitudes a greater luxuriance 



Fig. 263. Dryas octopetala in flower in Lapland 
Photograph by C. G. Aim 


sometimes results from increased rainfall, but with this exception 
the height of the forests decreases until, frequently, the forest 
passes into elfin wood, which consists of stunted and twisted 
trees (Fig. 264). Above the elfin wood there is often an area of 
dwarf shrubs, which in turn gives way to alpine meadow (Figs. 
265, 266). This consists of a short, xerophytic, matted vegetation 
of grasses or dicotyledonous herbs, or both. Where conditions are 
favorable this vegetation extends to the region of perpetual snow. 
As in the arctic tundra, the flowers of the alpine meadow are large 
in comparison with the dwarf plants (Fig. 266). 

On moist tropical mountains the three-storied rain forests give 
way to a lower forest, which often consists of two stories, and 




Fig. 264. Pinus flexilis at timber line, Longs Peak, Colorado 
Photograph by Dr. William S. Cooper 



Fig. 265. Alpine meadow invading glaciated rock surface, Glacier Gorge, 
Longs Peak, Colorado 

Photograph by Dr. William S. Coopt^r 
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which in many respects resembles the subtropical rain forest 
(Figs. 267, 268). It is less rich in species of trees than is the tropi- 
cal rain forest, and contains fewer woody vines and usually a 
smaller , percentage of phanerogamic epiphytes, while epiphytic 
mosses and liverworts are more numerous. In general, epiphytic 
vegetation is more luxuriant (Fig. 269) than in the three-storied 



Fic. 266. Alpine meadow near Mount Robson, British Columbia 
Compare with Fig. 263. Photograph by Dr. William S. Cooper 


rain forest. Above the two-storied forest there is an elfin wood 
consisting of a single story of twi.ste<i trees (Figs. 270, 271). Usu- 
ally the trunks and branches of the trees of the elfin wood (Figs. 
271, 272), and sometimes tho.sc of the two-storied forest at higher 
altitudes, are densely covered with a thick mat of mosses and 
liverworts. The mos.scs and liverworts not only cover the trunks 
and branches but also hang down in graceful festoons (Fig. 271). 
In the mosses and liverworts grow numerous ferns and a consider- 
able number of flowering plants. 

Flowers of epiphytes, vines, and trees are usually numerous in 
this mossy forest, and, owing to the low stature of the trees, are 
conspicuous. The small size of the trees and their twisted form. 



Fig. 267. Two-storied forest on Mount Maquiling, Philippine Islands, 
at an elevation of seven hundred and forty meters 



Fig. 268. Another two-storied forest on Mount Maquiling, Philippine 
Islands, at an elevation of seven hundred and forty meters 
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the thick mantles and festoons of mosses and liverworts, and the 
numerous blossoms give the mossy forest a weird yet attractive 
appearance and make it one of the most striking types of vegetation 
found in the tropics. 

Monsoon forests. In the tropics, regions with one or two pro- 
nounced dry seasons of several months' duration are much greater 

in extent than are those 
with a constantly humid 
climate. A seasonal cli- 
mate is particularly char- 
acteristic of the interior 
of continents. Where the 
rainfall is abundant dur- 
ing the wet season well- 
developed forests occur, 
but the vegetation is not 
so luxuriant as it is in 
the constantly moist re- 
gions. During the dry 
season much of the foli- 
age is shed, the degree 
of defoliation depending 
on the severity of the 
season. Over large areas 
the loss of leaves is 
never uniform, as along 
watercourses trees keep 

their foliage throughout 
Fic. 269. Epiphytes on trunk near the upper .1 F.xppnt wHph 

limit of two-storied forest on Mount Maqui- t y . Hi cept wnen 
ling, Philippine Islands the dry season is ex- 

treme, occasional ever- 
green trees occur. During the dry season the monsoon forests 
do not present as lifeless an aspect as do deciduous temperate 
forests in the cold ^ason, as the dry season is pre-eminently the 
time of flowering. 

Monsoon forests resemble the deciduous forests in temperate 
regions in being of lower stature than tropical rain forests. They 
are also similar to the temperate-zone deciduous forests, and dif- 





Fic. 270. Lower part of twisted tree with many aerial roots in mossy elfin 
forest near summit of Mount Maquiling, Philippine Islands 



Fig. 271. View of mossy elfin forest near summit of Mount Maquiling 


The trunks, branches, and aerial roots are covered with festoons of mosses 
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ferent from tropical rain forests, in that the trees have thick bark 
and annual rings of growth in the wood, and lack buttressed roots. 

Xerophilous forests. Dry tropical and subtropical regions which 
are not dry enough to produce deserts support either xerophilous 
forests (Figs. 1040, 273) or grassland. The xerophilous forests 
may be either evergreen or deciduous. The trees are usually of 



Fic. 272. Growth of mosses and a filmy fern on a trunk in mossy elfin forest 
near summit of Mount Maquiling, Philippine Islands 


low stature as compared with rain or monsoon forests, but there 
are exceptions, the giant eucalyptus forests of western Australia 
being pronounced xerophilous forests. The vegetation is more 
open than in rain forests or monsoon forests, and the leaves are 
much more xerophytic than in the latter types. The xerophilous 
forests often grade into bush land (Fig. 274), grassland, or 
desert. 

Grassland. Grassland in tropical and subtropical regions usu- 
ally takes the form of savanna, in which widely spaced trees occur 
with the grass (Fig. 275). In temperate regions grasslands are 
usually without trees except along watercourses. In the United 
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States the more moist grassland, or prairie, is excellent for raising 
grain, while the drier grassland, or plain, is good for grazing. 

In many cases extensive grasslands are due to the interference 
of man rather than to natural conditions. In temperate regions 



FlC. 273. Sclerophyllous forest in Australia in a region with an annual rainfall 
of thirty to forty inches 


meadows are frequently produced as a result of cultivation. In the 
Malay Archipelago large tracts of rank waste grasslands are due 
to periodic fires which have followed the removal of the original 
forests. The fires destroy dicotyledonous plants but do not appreci- 
ably damage the underground rhizomes of the grasses. Similarly, 



258 The Plant Kingdom 

fires are frequently responsible for the presence of grasslands in 
temperate areas. 

Deserts. Areas which have a very slight rainfall and are covered 
by a scanty growth of scattered plants are known as deserts (Figs. 
84, 276). The largest area stretches across Africa into southeastern 
Asia. In Africa it is called the Sahara Desert, and in Asia it is 



Fig. 274. Bush land in Australia in a region with an annual rainfall of ten to 

thirty inches 

Photograph by Professor D. A. Herbert 


called the Arabian Desert. The next largest area includes most of 
central Asia. Large desert areas occur in central Australia and in 
Mexico and the western part of the United States, while small 
areas are found in southwestern Africa and South America. 

Deserts are characterized by an open growth of comparatively 
small plants many of which are thorny (Figs. 84, 277). Plants of 
desert regions are adapted in various ways to withstand adverse 
conditions. Some, particularly shrubs and shrubby trees, have 
long roots that reach down to subterranean water. The cacti have 
roots that spread near the surface of the soil; when the soil is 




FiC. 275. Savanna in Anstralia under annual rainfall of ten to thirty inches 
Photograph by Professor D. A. Herbert 



Flc. 276. Desert region in Ariaona 
Photograph by Dr. Forest Shreve 
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wet, considerable quantities of water are absorbed by the extensive 
root system and then stored in the enlarged stems. Deserts usu- 
ally have a short rainy season when conditions are fairly favorable 
to vegetation and during which annuals spring up and pass through 
their whole development. Such annuals do not have a xerophytic 
structure. Other plants, with jjercnnial underground portions, 



Fic. 277. Arizona desert with large Opuntia 
Photograph by Dr. Forest Shrevc 

send up aerial shoots which disappear after the moist period. Some 
of the shrubs are leafless or have greatly reduced scale leaves; 
others have small xerophytic evergreen leaves ; still others are 
deciduous and have rnesophytic leaves during the rainy period. 

The appearance of deserts varies greatly according to the kinds 
of plants found in them. In many places the plants are largely 
shrubs (Fig. 278), while in other regions succulents are conspicu- 
ous (Figs. 277, 279). In parts of the American desert cacti pre- 
dominate^ while in parts of Africa, particularly in the south, there 
are numerous euphorbias with a general appeafance similar to that 
of certain cacti. 



261 


Plant Geography 

The appearance of deserts also changes according to the seasons : 
during a dry period the vegetation is very scanty and has a gray 
or rather dirty green color, while in the rainy period the vegetation 
is much more luxuriant owing to the presence of the annuals and 
of the mesophytic foliage on the deciduous perennials. At the 
same time flowers are frequently found to be very numerous. 



Fic. 278. Scene in Arizona desert 
Photograph by Dr. Forest Shreve 


Marine vegetation. In seas, floating microscopic algae are nu- 
merous, and among them diatoms are prominent. These micro- 
scopic floating plants are the cliief source of food for marine 
animals. 

Macroscopic marine plants are either algie or angiosperms, the 
algae predominating. The angiosperms are grasslike plants but not 
true grasses, and grow rooted in sandy or muddy bottoms of calm, 
shallow bays. Macroscopic alg® are most abundant on rocky 
coasts ; for the most part they are attached to the rocks, but they 
may be attached to other objects, such as shells or other algae. 
Algae occur not only below the level of low tide but between tide 
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levels, and in cold temperate regions on rocky coasts the develop- 
ment of algffi between tide levels is very luxuriant. Macroscopic 
algse range in size from small plants which are hardly visible to 
large ones many meters in length. 

Fiesh-water vegetation. In fresh water, as in salt water, micro- 
scopic floating algse are very abundant, and among them diatoms 
are numerous. The macroscopic vegetation differs very greatly 



Fic. 279. Scene in Arizona desert 

Note the conspicuous giant cacti (Camegtea). Photograph by 
Dr. Forest Shreve 


from that of salt water, as flowering plants predominate over the 
algse, while the algse are small as compared with those of salt 
water. The macroscopic plants may be divided into three gen- 
eral classes : submerged plants, rooted plants with floating leaves, 
and floating plants. 

In general, plants which are entirely submerged grow in deeper 
water than do those with floating leaves. The conducting smd 
strengthening tissues are very poorly developed in submerged 
plsmts. As they float in the water, they do not need strengthen- 
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ing tissue to the same extent that land plants do ; and as they 
do not transpire, there is no necessity for any considerable develop- 
ment of water-conducting tissue. The leaves are thin and in many 
cases are finely divided, thus exposing large surfaces for the ab- 
sorption of materials. 

Plants with floating leaves have a conspicuous development 
of air spaces (Fig. 74). These serve as an aerating system for the 



Fig. 280 . Lotus iJSelumbium nelumbo) projecting out of the water, and Pistia 
stratiotes floating on the water, in Laguna de Bay, Philippine Islands 


diffusion of oxygen from the leaves to the roots. Moreover, the 
air spaces in the leaves are of assistance in enabling the leaves to 
float on the surface of the water. 

Floating plants of cold temperate countries are all of small size, 
but they may be abundant enough to cover the surfaces of small 
f)onds. In warmer regions floating plants reach larger size (Fig. 5), 
and the water hyacinth (Fig. 97) may obstruct navigation in 
sluggish streams. Floating plants are provided with well-developed 
air spaces (Fig. 96), which make the plants buoyant and at the 
same time serve as passagewa 3 rs in which oxygen can diffuse to 
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the roots. The roots hang down in the water and serve as a counter- 
poise which helps to keep the plant right side up. 

Swamp vegetation. Around the edges of quiet bodies of fresh 
water, and in shallower water than that in which plants with 
floating leaves occur, there is often a conspicuous development of 
swamp composed largely of erect plants (often monocotyledonous) 



Fic. 281. Interior of Philippine mangrove swamp at low tide 

Note the aerating prop rcwts of Rhizophora and the erect aerating roots which 
project upward out of the mud 


with roots under water or in saturated soil and with shoots extend- 
ing into the air (Fig. 280). Such plants contain conspicuous air 
passages for the aeration of the roots. In other cases the shallow 
water is occupied by a growth of shrubs or trees. Salt-water 
swamps in temperate regions are occupied by a reedlike growth 
consisting largely of monocotyledonous plants. In the tropics 
mangrove-swamp forests are formed on mud flats which are 
exposed at low tide and at high tide are covered by salt water. 

Mangrove-swamp forests. The term mangrove-swamp forest is 
applied to the type of forest occurring on tidal flats along trop- 
ical seacoasts (Figs. 235, 281). The conditions most favorable 
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to their development are found in quiet bays into which flow large 
rivers whose lower reaches have little fall. The descending waters 
of the rivers are checked when they meet tidewater, and deposit 
their sediment in the form of broad flats or deltas near the mouths 
of the rivers. These flats are usually cut by a network of channels 
through which the advancing and receding water of the sea moves. 



Fig. 282 . Aerating roots of Sonneratia caseolaris in Philippine 
mangrove swamp 


At extreme low tide the flats are exposed, and often even the 
larger channels are dry. On these mud flats the trees which form 
the mangrove vegetation find conditions favorable to their develop- 
ment ; and as the seeds or seedlings of these species are distributed 
by water and can be transported for long distances without injury, 
the formation of flats and their seeding are almost simultaneous. 
When conditions are favorable, new flats are formed beyond the 
old, and the forest advances year by year. The mangrove forests 
may contain trees more than a meter in diameter, and when fully 
stocked with mature timber compare favorably with the com- 
mercial forests of the land. 

The mangrove forests are characterized by the presence of roots 
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that show above the surface of the ground (Figs. 235, 281, 282) 
and contain numerous air spaces that serve for the conduction of 
oxygen to the underground root system. In the genus Rhizophora 
these roots take the form of prop roots and serve both as props 
for the tree and for the aeration of the root system. In some cases 
the aerating roots are slender structures which grow vertically out 
of the soil, while in still other cas^s they have the form of knees. 

Another characteristic of a large proportion of mangrove-swamp 
trees is the germination of the seeds while still within the fruits. 
This feature is most strikingly shown in the family Rhizophoraceae, 
in which the seedling bursts through the fruit and hangs down as 
a long, slender structure while the fruit is still attached to the 
tree (Fig. 385). Finally the seedling drops from the fruit, sticks 
in the mud, and continues to grow (Fig. 380), or it may be trans- 
ported by water and deposited in a situation that is favorable to 
growth. 

Succession and climax vegetation. The large vegetational re- 
gions, such as rain forest, deciduous forest, deserts, and arctic 
tundra, are determined by climate, the principal factors l>eing 
moisture and temperature. In all extensive regions there are, 
however, minor areas in which the vegetation is the result not 
of the general climatic complex but of purely local conditions 
such as the nature of the substratum or the interference of man. 
Vegetation that is in a stable condition and represents the highest 
type that the climate can support is climax vegetation. Before 
vegetation reaches a climax, or stable condition, it may pass 
through many successive stages that are influenced by the local 
environment. The giving way of one type to another is known 
as succession. 

In a region in which tall forest is the climax type there may 
be a lake which results in the presence of several local types of 
vegetation. The vegetation in the deepest p)art of the lake in 
which there are rooted plants may consist entirely of submerged 
plants, and between these and the forest the following types of 
vegetation may occur in successively shallower water: plants 
with floating leaves, erect monocotyledons projecting out of the 
water, and a growth of shrubs. The level of the water in lakes does 
not remain constant; on the contrary, the depth of the water 
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tends to become less and less. This is due to the fact that material 
is constantly being deposited in the lake and so raises the level 
of the soil, while, at the same time the stream leaving the lake 
wears down its bed and thus lowers the level of the water in the 
lake. As the water becomes shallower the suluiiergod plants will 
invade the bare area toward the center of the lake, while the plants 
with floating leaves will invade the areas formerly occupied by 
submerged plants. Likewise the erect monocotyledonous plants 
will invade the areas previously occupied by the plants with float- 
ing leaves, while the forests will invade the area which was swampy 
as the latter becomes dry. Thus there is a series of successions 
between the deeply submerged bare ground and (he climax forest. 

Rocks may support only a growth of lichens, Vjut as the rock 
weathers and soil accumulates there is a series of invasions which 
ends with the climax forest. 

On troi)ical coasts, mud flats are occupied by mangrove-swamp 
forest, but as the land is raised this is succeeded by the forest of 
the dry land and finally l)y the climax type of the region. 

The ty|>os of plant successions are very varied, are due to a 
great variety of local conditions, and lead to many types of climax 
vegetation. A study of successions shows that vegetation is not 
static but dynamic, and that much of it is unstable and changing. 
Just as an individual passes through many stages of development 
before reaching maturity, so plant communities go through various 
stages, or successions, iK'fore the climax type is produced. 



CHAPTER XIII 


THE FLOWER 

The flowers of plants are reproductive structures whose func- 
tion is the production of seed. Many flowers are very beautiful, 
are greatly enjoyed by man, and are used by him for purposes of 
ornament. From the standpoint of the plant, however, the beauty 
of the flower is important only in so far as it aids in the production 
of seed. 


REPRODUCTION 

Asexual reproduction. Plants have two methods of reproduc- 
tion, sexual and asexual. The latter method consists simply in 
the separation of a portion from the parent plant and the growth 
of this portion into a complete plant. Many of the lower plants 
are reproduced asexually by a single cell. A large number of higher 
plants reproduce vegetatively by sending out shoots which take 
root and produce new plants (Fig. 5). In many cases the part of 
the shoot which connects the two plants dies, thus leaving them 
entirely separate. This method is particularly characteristic of 
plants with underground or prostrate stems, such as grasses that 
have long runners. It is also frequently seen in the aerial parts of 
plants, where a shoot takes root and produces a new individual. 
Another method of asexual reproduction is the production of 
bulblets. Many plants that grow from underground bulbs or 
corms reproduce by the multiplication of these, as is the case with 
the gladiolus. Bulbs may be produced on flowering shoots, as in 
Agave and the onion. Many plants produce suckers which can be 
removed and used to produce new plants ; conspicuous examples 
are bananas (Fig. 91) and pineapples. A method of artificial re- 
production frequently used is to cut off a portion of a stem, known 
as a cutting, and plant it in the ground. Under favorable condi- 
tions the cutting produces roots and leaves and grows into a new 
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plant. In a few instances leaves of plants may fall to the ground 
and grow into new plants, as in Bryophyllum (Fig. 102) and Be- 
gonia, A considerable number of plants can be artificially re- 
produced by the use of leaf cuttings. Some ferns reproduce 
regularly by having the tip of a long leaf reach the ground, send 
out roots, and grow into a new plant (Fig. 101). 

Sexual reproduction. Sexual reproduction is reproduction in 
which two cells unite to form a single one from which a daughter 
organism develops. This method of reproduction is character- 
istic of the vast majority of plants. Among the higher plants the 
flower is the organ for sexual reproduction. 


THE STRUCTURE OF THE FLOWER 

Parts of the Flower. In a complete flower, that is, one which 
has all the parts of a typical flower, there are four kinds of struc- 



Fig. 283. Flower of kale (a variety of cabbage, Brassica oleracea) 

To the left is a whole flower, showing the sepals below, the large petals next, 
within them the long stamens, and in the center the pistil, composed of an 
ovary surmounted by the style, which terminates in the stigma. To the right 
is a flower from which one sepal, two petals, and two stamens have been 

removed 


tures besides the stalk (Figs. 283, 284). There are one or more 
pistils, stamens, a calyx, and a corolla. The pistils and stamens are 
the essential parts ; the others are accessory. 

Some flowers are regular, — that is, all the members of each set 
of organs are alike (Figs. 284, 295-297), — while others are irregu- 
lar (Figs. 285, 286). 




Fic. 284. Flower of grapefruit (Cit- 
rus) with a portion of calyx and some 
of petals and stamens removed 

pd, pedicel; <, torus; n, nectary; 
Cf calyx ; p, petal ; /, filament f)f sta- 
men ; a, anther ; o, ovary ; style ; 
«, stigma. (X 1) 



Fic. 285. Irregular flower of 
a legume, Krythrina fusca 
(X J; 



Ftc. 286. Irregular flower of a 
garden pea 

Left, front view; right, side view. 
The stamens and jnstil are largely 
hidden by the petals 



ovary of Hibiscus^ showing 
five cavities or cells contain- 
ing ovules. ( X 10) 
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Pistils. The pistils are usually 
found in the center of the flower 
(Fig. 284). A pistil consists of an 
enlarged basal portion called the 
ovary^ a terminal part known as 
the stigma^ and, usually, a long, 
slender structure, the style, which 
connects the ovary with the 
stigma. The ovary contains one 
or more cavities (Fig. 287) within 
which are found small oval or 
egg-shaped ovules. An ovule is 
attached to the ovary wall by a 
small stalk called the funiculus. 
Each ovule contains an egg, which 
is the female reproductive cell. 
Stamens. A stamen consists of two parts (Fig. 288) : a large 
terminal portion, which is the anther, and a stalk known as the 
filament. The anther contains cavities called pollen sacs, in which 


Fic. 290. Modes of discharging 
pollen 

A, by longitudinal slits in the an- 
ther cells (Amaryllis ) ; by up- 
lifting valves (barberry) ; C, by a 
pore at the top of each anther lobe 
(nightshade). After Baillon 



Fic, 291. Flowers of pumpkin 


Left, female flower with calyx and corolla attached above rounded ovary; 
right, male flower, (x 4) 


pollen grains are produced (Figs. 288, 289). Pollen grains from the 
anthers are carried by the wind, by insects, or by other agencies 
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and deposited on the stigma of the 
pistil. This transfer is known as poU 
lination, and when it has taken place 
the flower is said to be pollinated. The 
method by which the anthers open to 
discharge the pollen varies in different 
cases. Three methods are shown in 
Fig. 290. 

Fertilization. A pollen grain, after 
being deposited on the stigma, pro- 
duces a long tube which grows down 
through the stigma and the style and 
enters one of the ovules in the ovary 
(Fig. 4). Two male nuclei are found 
at the end of this tube. One of these 
enters the egg of an ovule and fuses 
with the nucleus of the egg. This fu- 
sion of male and female nuclei is called 
fertilizationy and the flower is said to 
Fig. 292. Flowers of casior-oil fertilized when this has taken place. 

After fertilization the ovule develops 

.\bove, fenmh* flowers; bolow, seed, while the whole ovary be- 

male flowers. (X 1) . \ 

comes a fruit. 

Sexuality of flowers. Usually stamens and pistils are found in 
the same flower (bisexual flowers) (Figs. 283, 284), but frequently 



Fic. 293. Flowers of papaya (Carica 
papay^al 

Left, female ; right, male, f x J) 


Fig. 294. Flowers of willow 

Ay male flower ; B, female flower. 
(Magnified.) After Decaisne 



Fig. 295. Flower of Hibiscus 

The filamcmts of the stamens are 
united to form a tube which sur- 
rounds the style. ( X f ) 


Fig. 296. Flower of Tabernaemontana 
pandacaqui 

The corolla is composed of a long tube 
with five prominent lobes, (x f) 



Fic. 299. Upper left, hypogynous flower of kale. Upper right, perigynous 
flower of plum. Lower left, epigynous flower of apple. Lower right, epigynous 

flower of F uchsia 


they occur in different ones {unisexxial flmvers). When they occur 


in different flowers, both kinds of 



Fic. 300. Section of flower of cherry with 
simple pistil consisting of a single carpel 


flowers may be on the same 
plant {monoecious plants) 
(Figs. 291, 292), as in the 
cases of corn and the castor- 
oil plant, or they may be 
on different plants {dioecious 
plants) (Figs. 293, 311). 

Perianth. While the sta- 
mens and pistils are the es- 
sential parts of a flow^er, they 
are usually surrounded by 
thin, expanded structures 
which collectively constitute 
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the perianth. In a complete flower the perianth is divided into an 
interior part, or corolla, and an outer part, or calyx (Figs. 283, 
284). In some flowers there is no perianth (Figs. 294, 312). 

Corolla. The corolla may be composed of a number of separate 
thin units, the petals (Fig. 295), usually white or bright-colored. 



Fic. 301. Flower of raspberry 

Left, top view showing numerous pistils surrounded by numerous stamens, 
these by five petals, and these in turn by five sepals. Right, longitudinal sec- 
tion showing numerous simple pistils growing on a projection from the torus 

or of a more or less tubular (Fig. 296), bell-shaped, or funnel- 
shaped structure (Fig. 297) with lobes which represent the petals. 

It seems that the function 
of the conspicuous, bright- 
colored corolla is to attract 
the insects, or sometimes 
small birds, that carry pollen 
from one flower to another. 
Bright-colored or conspicu- 
ous flowers are usually polli- 
nated by insects. 

Calyx. The calyx, like the 
corolla, may be composed of 
a number of separate units, 
which in this case are called 
sepals (Fig. 283), or of a somewhat tubular or funnel-shaped 
structure with lobes which represent the sepals. The calyx is 
typically small and green. The function of the calyx seems to 
be to protect the inner parts of the flower before the flower bud 
has opened. 



Fic. 302. Section of a strawberry flower 

There are numerous simple pistils on 
the projection of the torus. Around 
these are the stamens, then the petals 
and sepals 
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Frequently the perianth consists of only one set of structures, 
and in such a case this set is regarded as a calyx, the corolla being 
considered as absent. When there is no corolla, the calyx is often 

bright-colored and con- 
spicuous and takes the 
place of the corolla in 
its function of attract- 
ing insects. In many 
of the monocotyledon- 
ous plants the sepals 
are large, bright-colored, 
and very similar in ap- 
pearance to the petals 
(Fig. 298). 

Flower stalk. The 

flowers are joined to 
the stem by a central axis, or stalk, which is usually composed 
of two parts : the stalk proper, which is known as the pedicel, 
and an expanded terminal portion, the torus, or 
receptacle, on which the other parts of the 
flowers are borne (Fig. 3). 

Arrangement of floral parts. When the torus 
is convex and the other floral parts are attached 
below the ovary, the flower is said to be hypogy- 
nous (Figs. 284, 299). In some cases the torus 
forms a cup-shaped structure at the summit of 
which are borne the sepals, petals, and stamens. 

Such flowers are perigynous (Fig. 299). When 
the torus is not merely a cup-shaped structure 
surrounding the ovary but is fused to the ovary 
so that the sepals, petals, and stamens appear to Fic. 304. Section 
be attached above the ovary, the flower is said flower of Foo 

to be epigynous (Figs. 291, 299). compound ovary 

Simple and compotmd ovaries. A carpel is a with a single style 
simple pistil with one cavity and one style (Fig. 

300). Often several carpels are united to form a compound ovary 
(Fig. 287). In a flower there may be a single ovary consisting of a 
single carpel, as in the cherry (Fig. 300), peach, or plum (Fig. 299). 




Fig. 303. Section of a rose flower showing nu- 
merous separate pistils located in urn-shaped 
torus 
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In the raspberry (Fig. 301) and strawberry (Fig. 302) a number of 
separate carpels are located on a central projection of a torus. In 



Fig. 305. Diagrams of some inflorescences 


the rose there are a number of separate carpels which are located 
within an urn-shaped torus (Fig. 303). Compound ovaries com- 
posed of two or more united carpels are very common (Fig. 287), 



as in cucumber, squash, melons, 
tomato, etc. In compound pistils 
the stigmas may be separate (Fig. 
295) or united to form a single pis- 
til (Fig. 304). 

Inflorescences. Flowers are borne 
in different ways on different plants, 
and various tyi)es of inflorescences are 
given distinctive names. 

Cjrme. When a flower terminates 
a stem and the subsequent develop- 
ment of the inflorescence is due to aux- 
iliary branches, the inflorescence is a 


Fig. 306. Section of flower of 
calla lily showing spadix with 
female flowers helow and male 
flowers above 


cyme (Fig. 305). 

Spike. When sessile flowers (that is, 
flowers without stalks) are borne on 
the side of a simple undivided axis, the 
inflorescence is a spike, as in plantain. 


Catkin. A unisexual scaly spike which falls off in one piece after 


flowering or fruiting is a catkin, as in birch, poplar, and willow. 
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Spadix. A spadix is a fleshy spike more or less enclosed by a large 
modifled leaf known as a spathe^ and is characteristic of the aroids, such 
as the calla lily and taro (Figs. ci06, 318). 

Raceme. A raceme is similar to a 
spike except that the flowers are stalked. 

This is a very common type of inflores- 
cence. 

Corymb. A corymb is similar to a 
raceme except that the lower flowers 
have longer stalks than the upper ones 
so that the inflorescence is more or less 
flat-topf)ed. 

Panicle. A panicle is an oi^en, branched 
racemose inflorescence (Fig. 305). It is a 
very common type of inflorescence, found 
in many grasses. 

Umbel. When the flowers all appear 
to arise from the same place and have 
stalks of equal length, the inflorescence 
is an umbel, as in carrot and celery. 

Head. A head is a globular or some- 
what flattened cluster of sessile flowers 
(Figs. 305, 307). 

POLLINATION 


Cross-pollination. Most flowers 
are so arranged as to facilitate the 
transfer of pollen from the stamens 
of one flower to the stigma of another 
(cross-pollination) rather than from 
the stamens to the stigma of the same 
flower (self-pollinaJtion), When the 
stamens and pistils occur in different 
flowers, the flowers must be cross- 
pollinated. Cross-pollination is also 



Fig. 307. Flower head of arti- 
choke (Cynara scolymus) 

The artichoke belongs to the 
sunflower family. A, head; D, 
a single flower; s, stigma; a, 
anther; c, corolla; co, calyx; 
o, ovary. flower head in bud, 
the edible stage. C, section of 
bud. Note that it is the young 
flower head and a portion of the 
bracts that are edible 


usual in bisexual flowers. One of 
the simplest arrangements which assures this is the maturing of 
the stigmas and anthers at different times (Figs. 308, 309). An- 
other method is seen in the primrose, where on some plants 
all flowers have the stigma above the anthers and on other plants 
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the anthers are above the stigmas. A bee entering either type of 
flower would have the pollen dusted on him in such a way that 
he would leave it on the stigma of the opposite type of flower . 



Fig. 308. Flowers of Clerodendron 

presentation of stamens; right, presentation of stigma, the stamens 
having coiled under the petals, (x 1) 


The most usual agents for the transfer of pollen from one plant 
to another are insects and wind. Other agencies, such as small 
birds, may be effective. In submerged plants the transfer may 
be made by water. 



Fic. 309, Flowers of plantain 
iPlmtago lanceolata) 


A, earlier stage, pistil mature, sta- 
mens not yet appearing outside the 
corolla; B, later stage, pistil with- 
ered, stamens mature. Six times 
natural size 



Flc. 310. Feathery stigmas of a 
grass. (Xl2) 
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Wind pollination. Some flowers have no perianth at all, and 
others have very inconspicuous ones. In such cases the pollen is 
frequently produced 
in large quantities and 
is carried by the wind 
from one flower to 
another. Indian com 
is a good example of 
a plant that has rather 
inconspicuous flowers 
and is wind- pollinated. 

The male flowers oc- 
cur at the top of the 
plant in what is com- 
monly known as the 
tassel. The female 
flowers are produced 
lower down in heads, 
which after fertiliza- 
tion become the ears 
of corn. The long, 
silky hairs which pro- 
ject from these ears 
are the styles and 
stigmas. The female 
flowers are thus in a 
favorable position to 
have pollen blown to 
them from the male 
flowers of other plants. 

Grasses, many trees, 
and some shrubs and 
herbs are pollinated 
by the wind. To in- 
sure pollination, wind- 



Fig. 311. Pollination of Vallisneria gigantea; sixe 
of flowers exaggerated 

Left, a female plant with a flower floating on the 
surface of the water ; right, a miile plant with two 
spikes of male flowers. The covering of the spike 
at the left is open and the flowers are becoming 
detached and rising to the surface, where they 
open and float. The stamens of one male flower 
are in contact with the stigma of the female flower 


pollinated species produce large quantities of pollen; and when 
the pistils and stamens occur in separate flowers, the male flowers 
are very much more numerous than the female ones. The pro* 
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duction of large quantities of pollen is evidently necessary when 
most of it must be wasted, as is the case with wind-pollinated 



Fig. 312. Flowers of poinsettia {Euphorbia pulcherrima) 


Left, flower head — at the left of the head is a cup-shaped nectary, and pro- 
jecting from the head are three male flowers and one female flower ; center, a 
single female flower composed of a stalk and pistil ; right, a single male flower 
composed of a stalk and a single stamen. Compare with Fig. 98. (x 2i) 


species, where it is only by rare chance that a grain of pollen will 
be blown to the stigma of the same species. The stigmas of wind- 
pollinated plants are usually broad and feathery, and so afford a 

large surface for catching pol- 
len (Fig. 310). This naturally 
increases the chance that pol- 
len will reach the stigma. 
Many wind-pollinated species 
produce their flowers above the 
foliage, as is usually true of 
grasses, or at a time when they 
do not have leaves, as is the 
case with numerous trees of 
the temperate zone which pro- 
duce their flowers early in the 
spring before the leaves have 
appeared. Either of these ar- 
rangements increases the chance of pollen’s reaching the stigma. 

Wind-pollination is especially adapted to species which grow to- 
gether in large numbers, rather than to those which are scattered 
in mixed stands. Since grasses often cover quite extensive areas^ 








Fig. 313. Musaenda erythrophylla 

The most conspicuous part of this 
flower is a single greatly-enlarged red 
calyx-lobe 
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they are very well adapted to this method of pollination, as are 
also forest trees which grow in stands of one or a few species. Wind 
pollination is much more frequent in the forests of the temperate 
zone, which are composed of one or a few species, than in the forests 
of the moist tropics, where as a rule the stand is made up of a great 
variety of trees. 

Insect pollination. Insects are attracted to flowers by their odor, 
by their conspicuousness, or by both odor and conspicuousness. 




Fic. 314.' Flower cluster of a 
legume, rain tree (Enterolobium 
saman), showing brightly colored 
stamens. ( X i) 




Fic. 315. Showy flower head of a le- 
gume, Leucaena glauca 

The conspiciiousness of the head is 
due to white stamens and pist ils. ( X 1 ) 


and visit them for the purpose of collecting nectar and pollen, 
which serve them as food. While visiting a flower the body of 
an insect becomes dusted with pollen, which may subsequently 
be caught on the stigma of another flower visited. 

Nectar is a sweet liquid that is secreted by glands which may 
be on the torus (Figs. 284, 312) or on the petals, or elsewhere. 
Conspicuous cavities in the petals frequently contain nectar glands. 
Bees use nectar in making honey. 
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Many flowers that do not se- 
crete nectar produce large quan- 
tities of pollen, which serves as 
food for insects. Although the 
insects may use a considerable 
part of the pollen, nevertheless 
some of it sticks to their bodies 
and is carried to the stigmas of 
other flowers. 

Insect-pollinated species fre- 
quently have pollen which either 
is sticky or is furnished with nu- 
merous projections which help 
make the pollen adhere to the 
body of an insect, while the bodies 
of the pollinating insects arc usu- 
ally hairy. When the stigma of a 
flower is mature, it has a sticky 
surface to which pollen grains 
adhere when the stigma is touched 
by a part of an insect on which pollen has been caught. 

Water pollination. A few species of submerged water plants 
have female flowers that lie on 
the surface of the water and male 
flowers that become detached, 
float to the female flowers, and 
deposit pollen on the stigmas. A 
well-known example is the com- 
mon eel grass, Vallisneria (Fig. 

311). 

Conspicuous flowers. In typi- 
cal flowers the conspicuous part 
is the perianth, but in many 
insect-pollinated species the per- 
ianth is lacking or inconspicuous, 
while other structures are showy 
and serve for the attraction of insects (Figs. 98, 312, 313). 

In Acacia and many others of the bean family the perianth is 


Fig. 316. Flower of Canna 

Below is the ovary surmounted by 
three small sepals, within which are 
three narrow petals. The conspic- 
uous parts are the stamens, the cen- 
tral one of which bears an anther on 
the margin to the left. In the center 
of the flower is the stigma, (x f) 



Fic. 317. Flower head of bachelor^s 
button (Gomphrena globosa) 

The flowers are small, and each is 
surrounded by two conspicuous 
white or brightly colored specialized 
leaves or bracts, (x 1) 
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inconspicuous, but a large number of flowers with long stamens 
are crowded together into a showy feathery ball (Figs. 314, 315). 

In Canna the calyx and corolla are rather inconspicuous, and the 
bright-colored part of the flower is composed of petal-like stamens 
(Fig. 316). 


Fic. 318. Flower cluster of elephantVear Single flower ( X IJ) and 

{Alocasia indica) flower head ( X i) of a sunflower 

{Helianthus cucumerifolius) 

The inflorescence is in the center, the 

upper part being sterile and the lower single flower the parts from 

be^iring numerous flowers; the whole is l>elow upward are ovary, calyx, 
surrounded by a specialized leaf called corolla, stamens, and stigma 
a spathe. (x J) 

In many species the flowers themselves are small and incon- 
spicuous, but they are surrounded by large, brightly colored leaf- 
like bracts (Figs. 100, 317). In the family Araceae a large number 
of small flowers are crowded together on a long stalk, and the whole 
flower shoot is more or less surrounded by a large white or bright- 
colored bract called a spathe (Figs. 306, 318). 

In many cases individual flowers are not showy themselves, 
but they are crowded together in groups which are very conspicu- 
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ous. In the family Compositae this condition is carried so far that 
the individual flowers are crowded into heads which superficially 
resemble single flowers (Figs. 307, 319, 320), as is the case with the 
sunflower, cosmos, daisy, and chrysanthemum. 

Odors of flowers. Many flowers possess odors which serve to 
attract insects, and a large number of inconspicuous flowers are 



Fic. 320. Single flower ( X 2) and flower head ( X 1) of mangold 

In the single flower the expanded portion is the corolla ; in the center of this 
are shown the style and the stigma surrounded by stamens 

pollinated by insects that are attracted by the odor. Conspicuous 
flowers frequently have odors, although in many cases they are 
odorless. The odors are due to essential oils which are volatile and 
odoriferous. 

The essential oils of flowers are extensively employed in the 
manufacture of perfumes, toilet waters, and face and sachet 
powders. Various methods such as steam distillation, extraction 
with fats (preparation of flower pomades), and extraction with 
volatile solvents are used to obtain the perfume oils from flowers. 
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FERTILIZATION 

Growth of pollen tube. The transfer of the pollen from the 
anthers to the stigma is known as pollination, and is followed by 
the growth of the pollen tube, which leads to fertilization. After 
the pollen grain has been deposited on the stigma (Fig. 321), it 
sends out a protuberance, or pollen tube (Figs. 322, 323), which 
grows down through the style till it reaches the ovule. In passing 



Fig. 321. Pollen grains depos- 
ited on a stigma 


Fig. 322. Pollen tubes growing on a 
stigma 


After Baillon 


After Baillon 


through the style the tulx; absorbs nourishment from the cells of 
the style. After reaching the ovary the pollen tube, continuing to 
grow, enters an ovule (Fig. 4). 

There are three nuclei in the pollen tube. One of these is known 
as the tube nucleus, and appears to govern the activity of the 
pollen tube ; the other two are male nuclei. Their functions will 
be better understood after we have considered the ovule. 

Structure of ovule. The ovule (Fig. 324) consists of a central 
mass, the nitcellus, which is joined to the ovary wall by a stalk, the 
funiculus, and is surrounded by two cellular membranes, the integu- 
ments. The ovule may be straight (Fig. 326), but more usually it is 
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bent back on the funiculus, with the outer integument fused to 
the funiculus, as shown in Fig. 324. The end of the nucellus that 
is attached to the funiculus is known as the chalazal end. At the 



Fic. 323. Germination and growth of pollen grains on a stigma of the purslane 
(Portulaca oleracea) , ( X 165) 


opposite end of the ovule there is an opening, the micropyle, which 
extends through the integuments, and through which the pollen 
tube passes when it enters the ovule. In the nucellus at the mi- 
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cropylar end is the embryo sac^ which is usually somewhat oval. 
Within this embryo sac are six cells and two free nuclei, the polar 
nuclei. The cells occur in a group of three at the micropylar end 
and another group of three at the chalazal end. The three at the 
micropylar end consist of a large cell, the egg, and two small cells, 
the synergids. At the chalazal end of the sac the three cells are 





1 / 

mM 



Fig. 324. Ovule of Zephyranthes rosea 


/, funiculus ; m, micropylc ; o, outer integument ; t, inner integument ; n, nu- 
cellus ; e«, embryo sac ; s, synergid ; c, egg ; p, polar nucleus ; a, antipodal 

cell. (X 115) 

usually small and are known as antipodnls. The two polar nuclei 
originate one at each end of the embryo sac, but later move to the 
center. 

Development of ovule. The ovule starts as a small conical 
projection. Soon the inner integument appears as a collar around 
the young ovule and grows upward (Fig. 325). It is followed by a 
second integument which grows over it. The two integuments 






Fic. 325. Diagrammatic representation of development of ovule 

A-Ef K-N , growth of integuments ; F, gyno8[K)re (megii8j)ore) mother cell ; 
//, /, two divisions of nucleus to form four spores; ./, three spores compressed, 
one enlarged, its nucleus dividing ; O, binucleate stage of embryo sac, upper 
spores degenerating; P, four-nucleate stage; Q, eight-nucleate stage; P, cells 
formed (above, egg, synergids; below, antipodal cells; center, polar nuclei) 
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continue to grow until they 
have covered the nucellus 
(Fig. 325). 

At an early stage, a 
large cell known as a spore 
mother cell is differentiated 
in the nucellus. This con- 
tinues to grow, and forms 
a row of four cells known 
as spores. The three near- 
est the apex degenerate, 
while the lowest enlarges 
and gives rise to the enibr>'o 
sac (Fig. 325). The nu- 
cellus divides to form two 
nuclei. Each of these then 
divides to form two nu- 
clei, which results in a 
four-nucleate stage. Up 
to this time there are no 
walls in the embryo sac. 
The four nuclei divide to 
form eight. Walls are then 
formed in such a way that 
there are three cells, an egg 
and two synergids, at the 
micropylar end, while at 
the chalazal end there are 
three antipodals (Figs. 324, 
325, 326). The nuclei 
which are left free in the 
embryo sac are the polar 
nuclei. 

Development of pollen 
tube. When the pollen 
grain is first formed it 
contains one nucleus. This 



Fig. 326. Diagrammatic representation of 
an ovary with a straight ovule anti also 
of the development of the pollen tube 

B, a iK)llen grain with a tube nucleus and 
two male nuclei ; .4, ]M)llen grain on stig- 
ma ; r, ]>ollen tube growing into stigma ; 
/>, the pollen tul>e entering the micropyle. 
The large cell in the micropylar end of 
the embryo sac is the egg, while the tw’o 
at the sitles of the egg are the synergids. 
At the other end of the Site are three 
antipodal cells. In the center the tw’o 
polar nuclei are fusing 


nucleus gives rise to three nuclei, usually before but sometimes 
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after the germination of the pollen grain. These nuclei consist of 
a tube nucleus and two male nuclei (Fig. 326). The tube nucleus 
apparently has to do with the growth of the pollen tube, as it enters 

the tube at an early stage and during 
the growth of the tube towards the 
ovnle it precedes the two male nu- 
clei. The pollen tube grows down 
through the style and toward the 
ovule, which it enters by way of the 
micropyle. 

Fertilization. When the pollen tube 
reaches the ovule, it grows through 
the micropyle (Figs. 327, 328) and 
then into the embryo sac, where it 
discharges the two male nuclei. One 
of these enters the egg and fuses with 
the nucleus of the egg (Fig. 328). 
This process is known as fertilization, 
and the product as the fertilized egg. 
The fertilized egg develops into an 
embryo, which is found in the seed, 
and the embryo in turn, after the 
germination of the seed, grows into 
a mature plant. 

Endosperm. The male nucleus 
which does not fertilize the egg moves 
to the center of the embryo sac and 
fuses with the two polar nuclei to fonn 
a single nucleus known as the endo- 
sperm nucleus. This endosperm nu- 
cleus rapidly undergoes successive 
divisions to produce an endosperm. 
At first no walls are formed, and the 
nuclei lie freely in the cytoplasm of the enlarged embryo sac. 
Later walls appear, and the endosperm becomes cellular with each 
cell containing a single nucleus. The endosperm absorbs nourish- 
ment from the surrounding tissue and passes it on to the embryo. 
The endosperm may be entirely absorbed by the developing em- 



Fic. 327. Diagram of section of 
an ovary with an ovule bent 
back on the funiculus. Note 
growth of pollen tube toward 
embryo sac 

Within the ovary is a single 
ovule; in the center of the 
ovule is the embryo sac sur- 
rounded by the nucellus and 
this by two integuments. A 
pollen tube has grown from the 
pollen grain on the stigma and 
has entered the ovule through 
the micropyle 
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Fig. 328. Diagrammatic representation of fertilization and development 

of embryo 

the pollen tube is shown as having entered through the micropyle, while a 
curved male nucleus lies in the egg just below the egg nucleus; the two polar 
nuclei have fused to form a single nucleus and the second male nucleus is near 
this fusion nucleus. the nude and egg nuclei are nearly fused, while the 
second male nucleus is fusing with the nucleus formed by the fusion of the 
|:K)lar nuclei, t.o form the endosjierm nucleus. C, the endosperm nucleus is 
dividing. Z>, a young embryo has developed from the fertilized egg and 
numerous endosperm nuclei are dividing. Ey a more advanced stage. F, the 
cotyledons are loginning to appear on the embryo, while the endosperm has 
become cellular. G, a seed in which the embryo is surrounded by endosperm 
and this by two integuments 


bryo before the seed becomes mature, or it may remain in tixe 
seed, surround the embryo in the mature seed, and be absorbed 
only during the germination of the seed (Fig. 360 ). 


CHAPTER XIV 


THE FRUIT AND THE SEED 
THE FRUIT 

The term fruity in the botanical sense, is used to denote that 
part of the plant in which the seeds are found. It consists essen- 
tially of the ripe ovary, but it may also include other floral parts 
which are connected with the ovary. The name fruit, used in this 
sense, includes much more than the popular term fruit ; it ern- 





Fic. 329. Collective fruit of mulberry 

Left, a female flower (x 4i) ; center, entire fruit (x li) ; n^ht, single mature 
fruit in which the fleshy pf>rtion consists of enlarged calyx (X 3) 


braces not only what are generally known as fruits but also some 
vegetables, and even dry, inedible structures. To the botanist 
cucumbers, tomatoes, or bean pods with the included seeds are 
just as truly fruits as are apples and oranges. 

Collective and aggregate fruits. Most fruits are structures de- 
rived from one ovary in one flower. The wall of the ovary develops 
into the covering of the fruit, known as the pericarp, which encloses 
a seed. A pericarp is composed of three layers ; an external exo- 
carp, a middle mesocarp, and an internal endocarp. These may be 
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so distinct that the exocarp forms a skin, the mesocarp a fleshy 
portion, and the endocarp a hard shell around the seed (Figs. 
3S4, 356). 

In some cases a number of separate flowers may form a collective 
fruit (Figs. 329, 330, 345), as in the pineapple (Fig. 330) and bread- 




Fic. 330, Collective fruit of pineapple 

Left, mature fruit. Note that the fruit is made up of a number of fused fruits 
and that each of these is subtended by a bract (b). In this pineapple the re- 
mains of the three petals show plainly (/?), but in many pineapples they dis- 
appear l)efore the fruit is ripe. Right, a section showing a single fruit and 
portions of two adjacent fruits. The parts of the flow'er show plainly in this 
figure: 6, bract; .*», sepal; a, anther of one of the stamens; p, |>etal; st, 
style; o, almrtive ovule. The chief difference, except for size, between the 
appearance of the inflorescence in the flowering stage and of the mature fruit 
is in the petals. In the flowering stage the flowers open a few at a time progres- 
sively from base to apex, and the three purple petals, while not conspicuous, 
are plainly visible. In the mature fruit either they are shriveled, as in the 
specimen illustrated, or they have disappeared 

fruit (Fig. 331). In both of these cases the fruit is formed from a 
compact inflorescence in which many individual flowers are joined 
together from the time that they are first formed. Moreover, the 
inflorescence, except for size, has an appearance which is almost 
identical with that of the mature fruit. 
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When several separate ovaries in one flower unite to produce a 
fruit, this fruit is known as an aggregate fruit (Figs. 332, 333; 
compare Fig. 334). 

Composition of fruits. Some fruits are produced by superior 
ovaries, and others by inferior ones. An ovary is said to be supe- 



Fic. 331. Collective fruit of breadfruit (Artocarpus communis) 

Left, mature fruit with some of the seed-containing part removed to show 
structure (X i). Right, section of inflorescence at time of flowering. At this 
stage the ovaries are completely fused together and the form of the inflores- 
cence is almost exactly like that of the mature fruit. Note ovaries with styles 
running outward and each terminating in two stigmas 

rior when the point of attachment of the cal3TC and corolla is below 
the ovary (Figs. 283, 284, .300), and inferior when the point of 
attachment is above the ovary (Figs. 291, 316, 299), as in epigy- 
nous flowers. In the latter case the torus may be considered as hav- 
ing a bottlelike form, at the summit of which the calyx, corolla, 
and stamens are attached. In such cases the torus takes part in 
the formation of the fruit. When the fruit is derived from a su- 
perior ovary, the remains of the calj^ can frequently be found at 
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the base of the fruit, as 
in the grapefruit (Fig. 

335) and orange. When 
the ovary is inferior, the 
remains of the calyx can 
sometimes be plainly 
seen at the apex of the 
fruit (Fig. 336). In the 
flower of the apple five 
imperfectly fused car- 
pels are more or less en- 
closed in a cup-like torus. 

During the formation of 
the fruit the carpels fuse 
with the torus and form the characteristic apple fruit. In this 
(Fig. 337) the ovary is represented by the core and the torus by 


Fic. 332. Aggregate fruit of strawberry 

The fleshy |X)rtion is an enlarged torus. 
Compare Fig. 302. (x 1) 




Fig. 333. Aggregate fruit of 
sugar apple (Anona squa- 
mosa), with some sections re- 
moved to show structure 

The sugar apple is a native of 
tropical America now widely 
cultivated in tropical coun- 
tries. It is an edible fruit. It 
has an excellent mild flavor, 
but is very seedy, as each sec- 
tion contains a large seed. 

(xi) 



Fig. 334. Separate fruits of ylang- 
yiang ( Canangium odoratum) 
formed from separate ovaries in 
the same flower 

This plant belongs to the same 
family as the sugar apple, Fig. 333, 
and the arrangement of the ova- 
ries in the flower is very similar, 
but the development of the fniit 
is not. Ylang-ylang flowers yield 
one of the best and most valuable 
perfumes. (X §) 
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the surrounding fleshy portion. The 
rose fruit (Fig. 338) is an aggregate 
fruit in which the torus surrounds 
distinct individual fruits just as the 
torus in the flower surrounded the 
individual ovaries (Fig. 303). 

In many fleshy fruits the fleshy 
part is the ovary wall or a portion of 
it (Figs. 354, 356). In others it con- 
sists entirely of the enlarged torus 
(Fig. 332). In quite a number of 
fruits the fleshy portion is an an/, an 
outgrowth from the funiculus, which 
in some cases, as in the litchi (Fig. 
339), completely surrounds the seed. In the litchi the aril fonns 
a thick translucent pulp. The rambutan of the Malay Peninsula 
is closely related to the litchi and has a similar structure. 



Fig. 335. Grapefruit developed 
from superior ovary 

Note remains of calyx at base 
of fruit, (x f) 



Fic. 336. Berry of guava developed from an 
inferior ovary 



Fic. 337. Cross section of an 
apple fruit, showing ripened 
ovary surrounded by the en- 
larged torus 


The guava is a native of tropical America, 
but is widely distributed and cultivated in 
tropical countries. Although it is very seedy 
it is a favorite fruit with natives of tropic^ 
countries. It is much used in making guava 
jelly, (xi) 


The apple is grown only in 
temperate countries, but ow- 
ing to its excellent shipping 
qualities it is widely known 
and eaten in the tropics. 

Compare Fig. 299. (x i) 
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Fig. 338. Fruit of rose 


The flask-shaped torus surrounds 
a number of individual fruits 
just as the torus in the flower 
surrounded the individual pistils 
(Fig. 303) 


The nutmeg is a seed partially 
enclosed in a fleshy aril, which 
when dried is the mace of com- 
merce. The nutmeg and mace are 
surrounded by a pericarp which 
splits into two valves when the 
fruit is mature (Fig. 340). 

In the cashew (Fig. 341) the 
mature fruit consists of a fleshy 
portion which is formed largely 
from the stalk of the fruit, but in 
which the torus takes part. At the 
tip of the fleshy portion is a true 
nut developed from the ovary. 

In the lime the fleshy portion is 


formed by hairlike outgrowths from the walls of the ovary 


(Fig. 342). In some cases 


the fleshy part is com- 
posed of the outer cover- 
ings of the seeds (Figs. 
378, 343). In the mul- 
berry (Fig. 329) the fleshy 
part consists largely of 
thickened, fleshy calyx 
lobes ; see also Fig, 344. 
The collective fruit of the 
pineapple is composed of 
a central axis and nu- 
merous flowers which 



become fleshy. The fig 
is a hollow pear-shaped 
inflorescence on the in- 
side of which are many 
flowers (Fig. 345). These 
flowers are developed 
into many small, seed- 
like fruits which are 
often mistaken for seeds. 


Fig. 339. Fruit of litchi 

Left, a fruit from which a part of the pericarp 
has been removed to show the translucent 
pulpy aril ; right, a section of the fruit showing 
the large shiny seed surrounded by the pulpy 
aril growing from the funiculus and this en- 
closed in a thin pericarp, (x i). The litchi 
is a delicious fruit ; it is widely used in China 
and has been introduced into other subtropical 
countries. In the dried litchi the pulp has 
shrunk away from the pericarp 
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Classification of fruits. Fruits are usually divided into two 
classes, dry and fleshy. The dry fruits may be subdivided into 
dehiscent fruits, or capsides, and indehiscent fruits. Dehiscent fruits 
are those which open at maturity so that their seeds can escape, 
while indehiscent ones are those which do not open. Indehiscent 



The single seed is a nutmeg. This is more or loss surrounded by an aril, which 
when dried is the mace of commerce. The pericarp when ripe splits into two 
valves as shown in the illustration. (X J) 

fruits may be further subdivided into arhenial and sckizocarpic 
fruits. The fleshy fruits may be divided into drupes and berries. 

Capsules. Dry, several-seeded to many-seeded, dehiscent fruits 
are known as capsules. Capsules are of many shapes, and they 
open in many different ways (Figs. 346-350, 362, 372, 373). The 
legume, or pod, and the follicle are special kinds of capsules. The 
follicle and the legume are each derived from an ovary composed 
of a single carpel. The follicle splits along one side only (Fig. 348), 
while the legume, which is the characteristic fruit of the pea or 
bean family, usually splits along two edges (Fig. 349). 
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Fig. 341, Development of cashew fruit 

Upper left, flower; center, section of a flower, showing ovary surrounded by 
stamens, one of which is much larger than the others; right, the fertilized 
ovary has already begun to enlarge; below, further development of nut from 
ovary and of fleshy portion from stalk and torus 


Achenial fruits. An achene is a small^ 
dry, indehiscent, one-seeded fruit (Fig. 
351). The achenes of the sunflower are 
sold under the name of sunflower seed. 
The caryopstSf or graiUj differs from the 
achene in that the pericarp, or wall of 
the fruit, is fused with the testa (the 
outer covering of the seed). The grain 
is the typical fruit of the grasses, and 
its structure can be observed very 
clearly in com (Fig. 388). The samara, 
or key, is a winged achene (Fig. 352), 
The nut is a one-seeded, usually inde- 



Fic. 342. Cross section of 
fruit of lime 

The fleshy part consists of 
hairs from ovary walls, (X 1) 
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Fic« 343. Pomegranate iPunica 
granatum) 

The pomegranate has many seeds, 
each surrounded by an edible pulp, 
which is a portion of the testa that 
is fleshy in the mature fruit 

Berries. Fleshy, indehiscent, 
are known as berries (Figs. 3 


hiscent fruit (Fig. 341) in which 
the pericarp, the wall of the 
fruit, is hard. Many structures 
which are popularly called nuts 
do not fit this description. 

Schizocarpic fruits. These are 
dry fruits which split up into a 
number of one-seeded, usually 
indehiscent parts (Fig. 353), as 
in the castor-oil plant. 

Drupes. A drupe is a fruit in 
which the endocarp is hard and 
the mesocarp fleshy or fibrous 
(Figs. 354, 355, 356, 389). Many 
structures popularly known as nuts 
are composed of the endocarps and 
the seeds of drupes ; the walnut 
and the almond are examples. The 
most familiar drupes have only 
one seed ; but in the huckleberry 
we see a drupe which has ten 
stones arranged in a circle, 
few-seeded to many-seeded fruits 
57, 358). The word berry ^ like 



Fig. 344. Fruit of roselle 


The edible part of this fruit consists of the fleshy calyx and bracts ; the fruit 
proper is hard and dry. Left, entire fruit; center, part of fleshy calyx re- 
moved ; right, section through hard dry fruit, showing hard seed 
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the word fruit or the word nut, has thus 
very different botanical and popular mean- 
ings. The date is a one-seeded berry, as the 
"stone'' is the seed and not the endocarp. 

Tomatoes, grapes, and bananas are berries, 
while oranges, cucumbers (Fig. 358), melons, 
and apples are examples of special classes of 
berries. 

Classification inexact. In discussing the 
different types of fruits it is convenient to Fic.345. Collective 
use some such classification as that given fruit of fig 
above, although it should be realized that The separate fruits 
any classification must be arbitrary and in are surrounded by an 
many cases inexact. The fruit of the balsam i) 

(Fig. 382) is a somewhat fleshy capsule. Many capsules have no 
regular method of dehiscence. 





Fig. 347. Inflated capsule of Cardiospermum halicacabum. (X J) 



Fic. 348 . Follicle of Unusual types of pods 

a milkweed {Asclepias Left, Abrua precatoriua (x.l) ; the seeds are very hard 
curoiaavka ) , showing and bright red, each with a black spot at one end, 
liberation of seeds with and, although indigestible, are dispersed by birds, 
their hairy appendages. Right, Pithecolobium duke (x i) ; the seeds have a 
( ^ i) white fleshy covering and are dispersed by birds 



Fig. 350. Two-valveil capsule of candytuft 

This type of capsule is known as a silide. If it were long and slender, as in 
cabbage or mustard, it would be a silique, (x 3) 



Fig. 351. Achenes of Ele- 
phantopus^ Cosmos^ and 
Bidens (beggar-ticks) 

These arc dis})ersed by ad- 
hering to animals, (x 2^) 



Fig. 352. Samaras of 
Securidaca corymbose 
and Tarrietia sylvatica, 
(X|) 



Fic. 353. Schizocar^ 
pic pods of sensitive 
plant {Mimosa pu- 
dice) and tick trefoil 
( Desmodiwn gangets^ 
cum). (X 1) 
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THE SEED 

A seed is a structure developed from an ovule. It consists of an 
embryo, stored food which may be either in or around the embryo, 
and one or two coverings called seed coats (Figs. 359, 360). 

The embryo. This consists of a small undeveloped shoot called 
the plumide, a cylindric structure known as the radicle, which will 
develop into a root, 
and one or two large 
leaves which are the 
cotyledons, or seed 
leaves (Figs. 359, 

361). Plants with one 
cotyledon (Figs. 388, 

389) are called mono- 
colyledons ; those with 
two (Fig. 359) are 
called dicotyledons. 

Endosperm. In 
some seeds, such as 
the squash seed and 
the lima bean, the 
cotyledons are large 
and fleshy and are 
filled with stored food 
(Figs. 359, 361). In 
others the cotyledons 
are thin and are sur- 
rounded by a mass 
of food-storage tissue, 
the endosperm, as in the seed of the castor-oil plant shown in 
Fig. 360. Most seeds of flowering plants contain an endosperm 
at some stage of their development, and the food stored in this 
endosperm is absorbed by the cotyledons. In many cases the 
endosperm is completely absorbed before the seeds are mature, 
and in such cases the ripe seed does not contain an endosperm 
(Figs. 359, 361). In other oases much of the food material in the 



Fic. 359. Longi* 
tudinal section 
of squash seed 

c, cotyledon; p, 
plumule ; r, rad- 
icle ; tegu- 
ment ; tSf testa ; 
m, micropyle. 
(x3) 


Fic. 360, Ventral, dorsal, and 
lateral views of seed of castor- 
oil plant {Ricinus communis)^ 
with section of seed 

Above : ca, caruncle ; /t, hilum. 
Below : at left, section cut from 
side to side ; at right, section cut 
perpendicular to dorsal surface ; 
r, radicle ; p, plumule ; c, coty- 
ledon ; e, endosperm ; tm, tegu- 
ment; ts, testa. (X 2) 
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endosperm is not absorbed by the cotyledons until the seeds 
germinate. In these cases the mature seed contains an endosp>erm. 

Perisperm. In the ovule the embryo sac is surrounded by the 
nucellus. Just as the embryo absorbs food material from the en- 
dosperm, so the endosperm absorbs food material from the nu- 
cellus. In most seeds the nucellus is entirely absorbed before the 
seed is ripe, and even the inner integument may be so absorbed. 
In some cases, however, the ripe seed contains an embryo sur- 
rounded by the endosperm, and this, in turn, by the nucellus. 
When the nucellus remains in the mature seed it is known as 
perisperm. 



Fic. 361. Lima benOy showing lateral, ventral, and dorsal views and embryo 

At left: m, micropyle; h, hilum. At right: embryo with seed coat and one 
cotyledon removed; r, radicle; p, plumule; c, cotyledon. (X li) 

Seed coats. The seed coats are derived from the integuments 
of the ovule. The outer seed coat, or testa, develops from the outer 
integument. The testa is usually thick and hard (Fig. 359). The 
inner seed coat, or legmen, is usually thin (Fig. 359). This is de- 
rived from the inner integument. In some cases there is only one 
seed coat. 

Hilum. On the testa there is a scar marking the place where the 
funiculus was attached to the ovule (Fig. 361). This scar is known 
as the hilum. 

Micio^le. The testa is pierced by a small hole, the micropyle 
(Fig. 361), which is the same structure as the micropyle in the 
ovule. The tip of the radicle points toward the micropyle. 
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SEED DISPERSAL 
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We have seen that the seed consists of an embryo, stored food 
material, and a protective covering. The embryo is capable of 

growing into a plant, and the stored 
food material furnishes it with a 
supply of food for its growth in the 
period before it has become estab- 
lished. Most seeds are also provided 
with some means of dispersal. 
Without this the great majority of 
seeds would fall under the parent 
plant and not be carried to a loca- 
tion favorable to germination and 
growth. The mechanism of dis- 
semination may be a part of the 
seed itself or may belong to sur- 
rounding portions of the fruit. The 
principal agencies by which seeds 
are dispersed are wind, water, ani- 
mals, and explosive mechanisms. 

Dispersal by wind. Either the 
whole fruit or the individual seeds may be suited to dispersal by 
wind. Seeds that are thus disseminated are characteristically 
light. The means of adaptation to wind dispersal may be grouped 
under the headings of minrde seeds, 
flattened fruits or seeds, wingltke outr 
growths, feathery appendages, and the 
so-called censer mechanisms, 

Minnie seeds. The seeds of or- 
chids are very small and, besides, 
have a light, inflated outer covering. 

These dustlike seeds can be blown 
by > the wind for great distances 
(Fig. 362). 

Wings, In many cases seeds, and in others whole fruits, are 
flattened or have winglike outgrowths (Figs. 363, 364, 366, 368 ; 
compare Figs. 367, 369), or they may be both flattened and 


Fig. 362. Capsule of an orchid 
{Cymbidium finlaysonianum) 
open and with minute seeds being 
scattered by the wind. ( X i) 



Fig. 363. Flattened wing froit 
of Terminalitt calamtaisatuiy, 
(Xi) 
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winged (Fig. 366). This type of 
structure results in the scattering 
of the seed by the wind. 

Feathery appendages. Seeds 
(Fig. 348) or fruits (Figs. 370,371) 
may have feathery appendages 
which greatly increase their buoy- 
ancy, so that they are frequently 
carried by the wind to consider- 
able altitudes. These feathery 
appendages are very characteris- 
tic of the seeds of milkweeds 
(Fig. 348) and of the achenes 
of many composites (Fig. 370). 
Commercial cotton consists of 
trichomes which grow from the 
epidermal cells of the seed of the 
cotton plant. These trichomes 
form a fiossy mass round the seed. 

Censer mechanisms. The cap- 
sules of many plants open in such 
a way that the seeds can escape 
only when the capsules are vio- 
lently shaken, as by a strong wind (Figs. 346, 372, 373). This has 
a tendency to scatter the seeds. The 
seeds may in addition have a flat shape 
(Fig. 372) or winged outgrowths; 
and as they are likely to escape when 
there is a strong wind, they may be 
blown for considerable distances. 

Dispersal by water. Adaptations 
for dispersal by water are not so 
common as are those for dispersal by 
wind, but the former occur in many 
seashore and aquatic plants. Either 
the whole fruit or the seed may be 
adapted for floating. The pericarp of a fruit may be composed 
of light tissue (Fig. 374) or the fruit may be inflated (Fig. 375). 


Fic. 364. Flattened fruits of ash, 
adapted to wind dispersal. (X 1^) 



Fic. 36S. Schiaocarp of maple 
with flattened wings 

After Faguet 
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Fig. 369. Fniit of linden, 
adapted to wind dispersal 
by being attached to a 
specialized leaf (bract), 
(xi) 


The coconut (Fig. 389) is an excellent 
example of a fruit with a light pericarp. 
Floating seeds may likewise contain 
either a mass of light tissue or large 
air spaces (Fig. 376). In the lotus fruit 
(Fig. 377) the torus is a greatly enlarged 
mass of loose, air-filled tissue which 
floats readily, while the individual fruits 
are also adapted for floating. Many 
seeds that are not especially fitted for 
floating may occasionally float for short 
distances, or seeds that by themselves 
would not float may be carried in floating 
debris. 

Dispersal by animals. Seeds that are 
adapted for dispersal by animals are 
disseminated in two general ways; in 
the case of fleshy fruits a portion of 
the fruit is eaten by the animal (Fig. 
378), while many dry fruits adhere to 
animals. 


Fleshy fruits. Fleshy fruits are generally adapted to being 


eaten by animals. Such fruits are usually constructed so that the 


fleshy part may be eaten 
without injury to the seed. 
In many cases the seed coat 
is very hard, while in drupes 
the seed is protected by the 
stony endocarp. Owing to this 
protection a seed may pass 
without injury through the 
digestive tract of an animal. 
Birds are particularly prom- 
inent in disseminating the 
seeds of fleshy fruits. Some- 



times they eat the fleshy por- 
tion of a fruit and throw the 
seeds away. Dry fruits are 


Fig. 370. Fruits (achenes) of ironweed 
iVernonia ) , suited to dispersal by wind 
on account of their hairy appendages 



Fig. 371. Dandelion (Taraxacum) 

The center figure shows a flower bud, a flower head, a flower head after fer- 
tilization, a ripe head with seed, and disix^rsal of seeds by the wind. To the 
left is a single flower: o, the ovary; p, pappus consisting of a circle of hairs 
which are really the calyx ; c, strap-shaped corolla ; », united stamens enclos- 
ing the style, which terminates in two stigmas. To the right is a single ma- 
ture fruit. Note that the "parachute” which is responsible for its being dis- 
persed by the wind is derived from the calyx 





Fig. 372. Capsule of Aristolochia 
elegans 

It hangs in such a position that the 
seeds are liberated only when it is 
shaken by the wind. The flattened 
seeds are adapted to wind dis- 
persal. (X i) 



Fig. 373. Capsule of poppy 

The seeds are liberated only when the 
capsule is shaken rather violently, (x 2}) 



Fic. 374. Fruit of Terminalia co- 
fappo, adapted to dissemination 
by water by having a thick fibrous 
husk. (X^) 


Fig. 375. Fruit of Heritiera littoralU^ 
adapted to dissemination by water by 
having a thick fibrous husk enclosing 
an air cavity. (X i) 


Fic. 376. Seeds of Entada scandem (X i) and Mucuna giganiea (X 1) 

These are adapted to dispersal by water by having an impervious seed coat and 
by containing an air cavity (in the first case between the cotyledons, and in the 
second around the embryo) 



Fig. 377. Fruit of Nelumhium 
nelumbo 

Below are the remains of the 
stamens. The large part above 
is the enlarged torus, the fruits 
being in depressions in the 
torus. The fruits float, and, 
besides, the enlai'ged torus is 
replete with air cavities and is 
very buoyant, (x i) 



Fig. 378. Double follicle of Tahernaemoru 
tana pandacaqui 

The follicle to the right has opened. The 
seeds are suited to dispersal by animals by 
having brilliantly colored fleshy coverings. 
(X i) 



Fig. 379. Fruits adapted to dissemination by 
having hooks which adhere to animals 

Left, Triumfetta hartramia (x 2) ; right, 
TriumfeUa anima (x 1) 
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often carried oflf for food by seed-eating animals which lose them 
in one way or another and leave them to grow. 

Adhesive fruits. Many 
dry fruits have hooklike 
appendages (Figs. 351, 353, 
379) which are particularly 
fitted for grasping the hair 
of animals. Animals to 
which the fruits adhere 
carry them about and thus 
distribute the seeds. In a 
similar way fruits may 
adhere to clothing and 
thus be disseminated by 
man. Some seeds and 
fruits have a sticky covering which will adhere to the hair of an 
animal (Fig. 380). Fruits of forget-me-nots adhere by sticky 
hooklike appendages (Fig. 381). Feathery appendages are usually 
capable of adhering to fur as well as of flying on the wind. 




Fig. 380. Seed of Hyptis suaveolens^ adapted 
to dissemination by animals by having a 
mucilaginous covering which swells and is 
very sticky when wet 

Left, dry seed ; right, wet seed, (x 4) 



Fic. 381. Fruit of Chinese forget-me-not. ( X 4) 
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Minute seeds. Many plants have minute seeds which are dis- 
seminated by being caught in mud that adheres to the feet or 
other parts of birds or other animals. 

Dispersal by explosive mechanism. 
Many fruits are so constructed that they 
explode when ripe and scatter the seeds. 
This method of dispersal is frequently con- 
spicuous in members of the bean family, 
where the explosive forces are due to 
stresses arising from the drying of the 
valves of the pod. The balsam has some- 
what fleshy capsules which are very turgid. 
When these are disturbed by contact the 
segments of the pericarps roll up with con- 
siderable force and in such a way that they scatter the seeds (Fig. 
382). An unusual explosive mechanism is found in the squirting 
cucumber (Fig. 383). 




Fig. 382. Fruit of /m* 
patiens 6aZsamma, which 
explodes and scatters 
the seeds. (X 1) 



Fic. 383. Seed dispersal in the squirting cucumber iEchalUum eUuerium) 

After Baillon 
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Burying. The fruits of the peanut are borne in a very unusual 
manner. Instead of being developed above ground they are buried 
Into the soil (Fig. 384). 



Fic. 384. Peanut, showing development of fruit 

The flower of the peanut has a very long style and a long calyx tube at the 
top of which are found the calyx lobes, the petals, and the attachment of the 
stamens. After fertilization, the flower withers, the stalk turns downward, 
and the fruit elongates greatly without broadening until its tip, in which are 
the ovules, has been pushed into the soil ; then this tip expands into the well- 
known **nut.’’ The nodules on the roots contain nitrogen-fixing bacteria 

GERMINATION OF SEED 

Definitioii. The development of the seed into a young plant is 
called germinalion. A seed is said to have germinated when the 
radicle and plumule have reached out of the seed coat, but ger- 
mination is not complete until the seedling has become established 
and is independent of the food supply stored in the seed. 
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Period of rest. Seeds usually undei^o a period of rest before 
germinating. The length of this period varies greatly in different 
species, and in some cases it is altogether lacking. In the mangrove- 
swamp species of the family Rhizophoraceae 
the seeds germinate without falling from 
the tree. The first sign of the germination 
of such seeds is the projection of the long, 
slender radicle from the fruit (Fig. 385). 
After the radicle has grown to a consider- 
able length the seedling drops, radicle down, 
the tip of the radicle 
is usually driven into 
the mud, and the 
growth of the seed- 
ling continues (Fig. 

386). While thus 
the growth of some 
embryos apparently 
ceases for only a 
very short period, if 
at all, most seeds in 
their ripening lose a 
considerable part of 
their water and be- 
come comparatively 
dry. Under such con- 
ditions life processes 
continue at a very 
slow rate, and for 
practical purposes the 
seed is in a condition 
of rest. Many seeds will not begin to ger- 
minate until they have been in the state of 
rest for a considerable length of time, while 
others will germinate almost immediately. 

A period during which seeds will not germinate is frequently of 
great advantage, particularly when the seeds are formed at the 
end of the growing season. In many regions the year is divided into 



Fic. 385. Germinating 
seedling of Rhixophora 
projecting from a fruit 
that is still attached to 
a tree. ( X J ) 



Fic. 386. Seedling of 
Rhixophora after drop- 
ping from the tree and 
taking root. (X^) 
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Fic. 387. Successive stages in the germination of lima bean (Phaseolus lunatus) 

The cotyledons are carried up into the air and furnish food for the embryo, but 
do not become ieaflike. (X i) 


at the -beginning of a long cold or long dry season, the seedlings 
would start under very disadvantageous conditions and would 
stand little chance of surviving. In regions where conditions ate 
favorable to growth throughout the year, a prolonged period of 


The Fruit and the Seed 


321 


rest is unnecessary. The seeds of many plants that are natives of 
moist tropical regions germinate almost immediately, and if stored 
they lose their capacity for germination in a very short time. 

Many seeds have hard seed coats which are impervious to 
water; such seeds will not germinate until the seed coats have 




Fig. 388. Seed and germination of seedling of Indian com 

Above, section of ungerminated seed and a seed in which the plumule and rad- 
icle are pushing out : e, endosperm ; s, cotyledon, or scutellum ; p, plumule ; 
r, radicle (x 1^). Below, germination of seed (X f) 

rotted or have been injured in some other way. This explains why 
the germination of many seeds is hastened by making holes in the 
seed coats. A period of rest is, however, not confined to seeds 
with impervious coats, as the necessity for a period of rest is often 
characteristic of the seeds themselves. Such seeds seem to need 
some metabolic change to make them ready for germination. 
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Seeds in a donnant condition can withstand much greater ex- 
tremes of heat and cold than can seedlings or mature plants. 

Conditions for germination. Germination is really a process of 
growth, and the conditions that are necessary for germination are 
essentially the same as those that are required for other forms of 
growth. Growi^h is dependent on a supply of food, water, and oxy- 
gen, and a suitable temperature. Seeds normally contain sufficient 



Fig. 389. Successive stages in the germination of coconut 

The large central meat is endosperm. In the drawing at the left the embryo is 
still very small ; the cotyledon, which is modified as an absorbing organ, is in 
the endos|3erm, while the remainder of the embryo projects up into the husk. 
In the second drawing the modified cotyledon has enlarged, while the shoot 
appears through the husk. In the third drawing the cotyledon fills the cavity 
in the kernel, (x A) 

food for growth, so that we do not usually think of food as a con- 
dition that is essential for germination. 

Active protoplasm consists very largely of water, while the 
protoplasm of dry seeds contains comparatively little water. A 
supply of water is therefore very essential to change the proto- 
plasm from the relatively inactive conditions in the dry seed to the 
active conditions in the young seedling. The amount of water 
absorbed is frequently considerable, and it is absorbed with great 
force. During the process the seeds become soft and saturated 
with water. This absorption of water causes most seeds to swell. 
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The source of energy in germination is respiration, or, in other 
words, the oxidation of food material stored in the seed. The 
amount of energy necessary is considerable, as germination re- 
quires that the material stored in the seed be rapidly transformed 
into tissues. Large quantities of oxygen are therefore necessary, 
and seeds will not germinate unless there is an abundant supply. 
For this reason most seeds fail to germinate in poorly aerated soil. 


Fic. 390. Successive stages in the germination of castor-oil seed 

The cotyledons first act as absorbing organs and later become green foliage 
leaves. Compare with Fig. 360 

as when buried at a great depth or when the air spaces of the soil 
are filled with water. 

Selection of seeds. The value of knowing the hereditary char- 
acters that are carried in a seed will be discussed in the next chap- 
ter. In selecting the seeds for planting there are certain other 
points which it is important to take into consideration. Among 
these are the size and vigor of the plant producing the seed, and the 
size of the seed itself. Vigorous plants are more likely to produce 
vigorous offspring than are weak ones ; and large seeds are much 
more likely than small ones to give rise to robust plants. A large 
seed indicates vigor and abundant food material for the nourish- 
ment of the young plant. Care should be taken that seeds are fully 
matured. Immature seeds often do not germinate; if they do 
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genuinate, they often produce weak seedlings. The age of the 
seed is also important. Many seeds, as we have seen, necessarily 
undergo a period of rest, and so can be stored for a considerable 
length of time without injury ; but while seeds are apparently in- 
active, life processes are still going on, even though at a slow rate 
If the seeds are stored for too long a time, they begin to lose their 
vitality ; and this process, once started, continues until the seeds 
reach such a condition that they will no longer germinate. 



Fig. 391. Successive stages in the germination of squash 

Note the peg which catches into the seed coat and holds it while the cotyledons 
are pulled out. In the seed the cotyledons store food, during germination they 
supply food to the embryo, and later they serve as green leaves, (x J) 

Germination. The principal processes taking place during ger- 
mination are the transfer of materials and growth. If the reserve 
^ood is stored in the cotyledons, it is transferred to the growing 
plumule and radicle (Fig. 387). When food is stored in the en- 
dosperm it is first absorbed by the cotyledons and then conveyed 
to the regions of growth (Fig. 388). During germination the cotyle- 
don may therefore serve for the storage of food, or, if the food is 
stored in the endosperm, as an absorbing and transferring organ. 

Frequently, as in the grains of the grasses, the cotyledons serve 
as absorbing organs and do not leave the seeds (Fig. 388). The tip 
of the cotyledon of the coconut is modified into an absorbing organ 
which grows so large as to fill the cavity of the nut (Fig. 389). 
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In some cases in which the seeds contain endosperm (Fig. 390), 
and in others in which they do not (Fig. 391), the cotyledons are 
carried up into the air by the growth of the hypocotyl (the part of 
the seedling between the cotyledon and the root) and function as 




Fig. 392. Stages in the germination of peannt 

The cotyledons are carried up into the air ; the food is transferred from them 
to the growing parts of the seedling, while the cot>Iedons shrivel; they do 
not become green, (x i) 

green leaves. In an intermediate type the cotyledons are carried 
up into the air by the growing hypocotyl, but shrivel as the reserve 
food is exhausted and do not function as green leaves (Fig. 392). 
The orientation of the seedling is frequently due to movements of 
the cotyledons, Which bend in such a way as to push the developing 
radicle into the ground. 



CHAPTER XV 


HEREDITY 
THE NUCLEUS 

Since the inheritance of characters is very largely due to the 
nucleus and the behavior of its constituent parts during fertiliza- 
tion and in the stages which lead to reproduction, some knowl- 
edge of the nucleus is essential for an understanding of heredity. 

Resting nucleus. The nucleus when not in a state of division is 
called a resting nucleus. This designation is somewhat unfortu- 
nate, as the nucleus of an ordinary cell must be carrying on many 
activities even though no morphological changes may be evident. 

The nucleus (Fig. 393, A) is usually rounded, and is surrounded 
by a membrane known as the nuclear membrane. Within this there 
is a clear substance, the nuclear sap or karyolymph, which is not 
readily stained. Embedded in the karyolymph is a network, or 
reticulum. This is usually said to be composed of linin on which 
another substance, chromatin, is distributed. Chromatin is very 
easily stained, so that it is conspicuous in stained preparations. 
The nucleus also usually contains one or more rounded bodies, the 
nucleoli. The function of the nucleoli is somewhat obscure, and it 
is probable that they have various functions in different cells. In 
general, however, the nucleolus would seem to be a mass of accu- 
mulated material which is usually, though not always, utilized in 
the metabolic processes of the nucleus. 

Mitons. The division of the cell is initiated by the division of 
the nucleus. In the ordinary method of division a nucleus passes 
through many stages, and the whole complicated process is known 
as mitosis. Its chief function seems to be to divide all parts of the 
chromatin equally between the two daughter nuclei. Mitosis may 
be considered as consisting of the following stages: prophase, 
metaphase, anaphase, and telophase. 
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Prophase, In the resting nucleus the chromatin is spread out as 
a reticulum. It is actually composed of a number of separate units, 
the chromosames. These are, however, so spread out and so joined 
by anastomoses with each other that their individuality is obscured. 

The initiation of the division of the nucleus is marked by the 
resolving of the reticulum into distinct chromosomes (Fig. 393). 
The material of the chromosomes condenses and becomes more or 
less evenly distributed along the length of the chromosomes. This 
results in giving them a dense appearance. At this stage they are 
long, slender, threadlike structures. They undergo shortening and 
thickening and the different chromosomes come to have very 
characteristic shapes. In their final form they are most frequently 
somewhat long and slender. Very early in the prophase each 
chromosome is seen to be split into two parts, the chromatids. 
These two parts, however, remain together until the next stage of 
mitosis, that is, until metaphase. 

Chromosomes arc carriers of hereditary characteristics, and 
there is very decisive evidence to show that the factors for these 
characters are arranged lineally in the chromosomes themselves. 
The splitting of the chromosome lengthwise into two parts divides 
each of the factors very exactly, and the whole process of mitosis 
seems to be an arrangement to insure an equal distribution of the 
hereditary factors to each daughter nucleus. The remaining part 
of the mitotic process is such as to distribute one chromatid from 
each chromosome to each of the daughter nuclei. It is owing to 
this even distribution that the daughter nuclei are alike in heredi- 
tary characteristics. 

Toward the end of the prophase great changes occur in the 
nucleus. The nuclear membrane disappears and the whole mass 
of karyolymph becomes spindle-shaped. When nuclei in this stage 
are prepared for study by being fixed, sectioned, and stained, the 
karyolymph has a striated or fibrillar appearance with the fibrils 
converging toward the poles of the spindles. 

In living cells the fibrous appearance is not evident and the spindle 
appears homogeneous. The spindle is dense enough so that with a needle 
it can be moved through the cytoplasm. There is doubt as to the mean- 
ing of the fibrous structure brought about by fixing and staining, but it 
seems to be connected with the invisible structure of the spindle. 
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As the nuclear membrane disappears and does not form part of 
the daughter nuclei, it cannot be regarded as a permanent cell 
organ. During the early stages of prophase the nucleolus usually 
becomes steadily smaller and may disappear altogether, indicating 
that it constitutes a store of reserve material which is drawn on 
during the process of division. If the nucleolus persists after the 
disappearance of the nuclear membrane, it lies free in the cytoplasm 
and finally disappears. Like the nuclear membrane, therefore, it 
cannot be considered as a permanent part of the nucleus. 

Metaphase. As the spindle forms, the chromosomes quickly 
become arranged in a single plane at the equator of the spindle, to 
which they become attached. The stage during which they are in 
this position is called metaphase (Fig. 393, 6'). By the end of meta- 
phase the chromatids of each chromosome have separated length- 
wise to form two daughter chromosomes. 

Anaphase. After metaphase one of each pair of daughter 
chromosomes travels to one pole, and the other chromosome of 
each pair to the opposite pole (Fig. 393, H), The stage during 
which the daughter chromosomes move from the equatorial region 
of the spindle toward the poles is known as anaphase. 

Telophase. When the chromosomes reach the poles, they collect 
into a more or less solid-appearing mass. This marks the beginning 
of telophase (Fig. 393, /, J). Soon clear droplets of karyoljTuph 
appear within the mass of chromosomes and also between the 
outermost chromosomes and the cytoplasm (Fig. 393, K), Where 
the karyolymph comes in contact with the C3'^toplasm a nuclear 
membrane is produced. The formation and enlargement of the 
spaces containing karyolymph continue (Fig. 393, L) until the 
chromosomes again become scattered in the form of a netw-ork 
typical of the resting stage (Fig. 393, A/). As the mass of chromo- 
somes becomes more and more spread out by the formation of 
karyolymph a new nucleolus makes its appearance. 

Formation of cell wall. Until very recently the division of the 
protoplasm was described as being initiated by the formation of 
small thickenings on the fibers in the equatorial region when the 
chromosomes become collected at the poles. The spindle fibers 
gradually spread out until the sides of the spindle reach the sides 
of the cell wall, and the thickenings w ere believed to grow until 
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they formed a plate across the original cell dividing it into two 
(Fig. 394). According to more recent investigators, what actually 
happens is that minute droplets of liquid appear in the equatorial 
region of the spindle and that these coalesce to form the so-called 
plate (Fig. 394). Protoplasmic membranes are then formed by the 
protoplasm on both sides of the liquid layer, and the cell walls are 
laid down between the protoplasmic membranes. 

Individuality of the chromosomes. The number of chromo- 
somes in a nucleus varies greatly with different species but is con- 
stant for the same species. The chromosomes are believed to retain 



Fig. 394. Successive stages in the formation of a cross wall between two 
(laughter cells in Tradescantia root tip. ( X 1300) 


their individuality through the resting stage of the nucleus, and so 
from one cell generation to the next. In other words, the same 
chromosomes that pass to a pole in the anaphase of one division 
reappear during the prophase of the succeeding division. During 
the organization of a daughter nucleus from a group of chromo- 
somes the chromosomes become connected by anastomoses. When 
the chromosomes reappear in the succeeding prophase these anasto- 
moses break down and the chromosomes are separate. Indeed, 
where cell divisions follow each other in rapid succession the 
spreading out of the chromatin during the resting stage may not 
go far enough to obscure the identity of the individual chromo- 
somes. 

In following the process of division we have seen that the nuclear 
membrane and the nucleoli disappear during division and are 
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formed anew during the organization of the daughter nuclei. The 
chromosomes persist from one cell generation to the next. For this 
and other reasons, to be mentioned later, they are generally re- 
garded as the most important constituents of the nucleus and as 
the site of the mechanism or factors which determine the hereditary 
characteristics of an organism. 

Chromosomes and fertilization. During the process of fertiliza- 
tion the male nucleus and the egg nucleus come together and the 
sides that meet become flattened against each other. The parts 
of the two nuclear membranes that are in contact disapfx^ar, and 
thus the contents of the two nuclei come to be enclosed by a single 
nuclear membrane, a part of which comes from the male nucleus 
and a part from the egg nucleus. In this way the chromosomes 
which were in the male nucleus are added to those which were in 
the egg nucleus. The fertilized egg thus contains the chromo- 
somes of both the egg nucleus and the male nucleus, or, usually, 
double the number of chromosomes that were in either of the 
fusing nuclei. 

When the fertilized egg nucleus divides, every chromosome 
splits into two, and one of each pair of the resulting chromosomes 
goes to each daughter nucleus. In this way each daughter nucleus 
contains the same number of chromosomes as the nucleus of the 
fertilized egg. The chromosomes divide in the same manner in the 
second and all subsequent nuclear divisions in the vegetative parts 
of the organism, and so the same numlx'r of chromosomes are dis- 
tributed to every cell in these parts. 

Reduction of the number of chromosomes. If the same number 
of chromosomes as are found in the vegetative nuclei went into 
the egg and sperm nuclei, the fertilized egg of each generation 
w^ould contain twice as many chromosomes as the nuclei of the 
preceding generation. This result is prevented by the presence 
of two successive divisions in the life cycle in which the number of 
chromosomes is reduced to half that found in the ordinary vegeta- 
tive nuclei. In flowering plants this reduction takes place tefore 
the formation of pollen grains, and also before the development of 
the embryo sac. 

Each anther produces a number of cells known as pollen mother 
cells. By two successive divisions each pollen mother cell gives 



332 The Plant Kingdom 

rise to four pollen grains. The reduction in the number of chromo- 
somes takes place in the first two divisions of the pollen mother cell, 
so that the nuclei of the pollen grains, and consequently the male 
nuclei, contain half the number of chromosomes found in ordinary 
vegetative nuclei. 

The formation of the embryo sac is preceded by the develop- 
ment of a single rather conspicuous cell called a spore mother cell. 
This gives rise, by two successive divisions, to four cells which are 
known as spores. The reduction in the number of chromosomes 
takes place during the divisions of the spore mother cell to form 
spores. Typically, three of the spores degenerate and disappear, 
while the other develops and produces the embryo sac. The nuclei 
of the embryo sac, including the nucleus of the egg, thus resemble 
the male nuclei in containing half the number of chromosomes 
found in the ordinary vegetative nuclei. The union of the male 
nucleus with the female nucleus gives the fertilized egg the same 
number of chromosomes as were in the fertilized egg of the pre- 
ceding generation. Thus the same number of chromosomes is 
preserved from generation to generation. The number of chromo- 
somes found in the egg or sperm nucleus is called haploidy while 
the number which is present in the fertilized egg and in the vegeta- 
tive parts of the organism is diploid. 

Homologous chromosomes. We have already noted that the 
chromosomes carry hereditary characteristics and that in a chromo- 
some the factors responsible for these characteristics are arranged 
lineally. The different chromosomes of a plant are not alike but 
carry different hereditary characteristics. In fact, in the set of 
chromosomes received from one parent, each chromosome, except 
in exceptional cases to be mentioned later, is different from every 
other chromosome of the set and carries different hereditary fac- 
tors. The sets received from the two parents are similar, however, 
and each chromosome of a set from one parent is more or less 
similar to and homologous with a corresponding chromosome re- 
ceived from the other parent. 

Meiosis. The divisions during which the number of chromo- 
somes are reduced are known as the reducing or meiotic divisions, 
and the process of reduction as meiosis. We have seen that in the 
prophase of an ordinary division each chromosome splits into two 
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chromatids. It has therefore a double structure. During the 
prophase of the first meiotic divisions, each chromosome splits 
into two chromatids as in an ordinary division. The feature Avhich 
characterizes the prophase of this division is that the homologous 
chromosomes approach each other and come to lie side by side 
(Fig. 395). The union between these two chromosomes comes to 
be very intimate. The two chromosomes may be joined together 
in one or more places. The stage during which the homologous 
chromosomes come into this intimate union is known as synapsis. 
The union of the two homologous 
chromosomes is so intimate that the 
combination is known as a bivalent 
chromosome, the term "bivalent'' sig- 
nifying that the chromosome is com- 
posed of two homologous chromosomes. 

As each of the two chromosomes which 
compose the bivalent chromosome is 
split into two chromatids, the bivalent 
chromosome is really a quadruple struc- 
ture and is called a tetrad chromosome 
(Fig. 396). After the formation of the 
tetrad chromosomes, the nucleus has 
only half the number of chromosomes 
that are found in ordinary vegetative cells. The subsequent events 
in this and the next division distribute one of the chromatids of 
the tetrad to each of four cells. 

At metaphase each of the tetrad chromosomes is separated 
longitudinally into two daughter chromosomes which pass to oppo- 
site poles. Each of these chromosomes is, however, already split 
into two chromatids. At metaphase of the second of the reduction 
divisions, these chromatids are separated from each other. We 
can now see why there are two reducing divisions. This is con- 
nected with the fact that the chromosomes which are formed in 
the prophase of the first meiotic division are quadruple and that it 
takes two divisions to divide them up into their constituent chro- 
matids. At the end of the second reduction division not only has 
each chromosome been reduced to a single chromatid but the total 
number of chromosomes is also haploid. 



Fig. 395. Prophase of first 
meiotic division in sugar 
cane showing chromosomes 
lying side by side 

After Santos 
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The dividing of a tetrad chromosome in the first reduction division may 
be in such a plane as to separate two homologous chromosomes from each 
other, or each of the homologous chromosomes may be split in two. In 
this case each of the two daughter chromosomes whi(;h move to the poles 
at anaphase will consist of a chromatid from each of the homologous 




^ Fig. 396. Diugram of meiotic divisions 

At a nucleus with two pairs of hornologotis chromosomes; each chromosome 
is split into two chromatids and homologous chn)mosomes arc approaching 
each other. By the members of each pair of homologous chromosomes have 
united to form a tetrad chromosome; as there were two pairs of chromosomes 
in At there are two tetrad chromosomes in B. C, metaphase of first meiotic 
division; homologous chromosomes are being separated from each other. 
/>, anaphase of first meiotic division; single chromosomes, each split into two 
chromatids, are moving toward the ikjIcs. A', two nucha formed as the result 
of first meiotic divison; each contains two chromosomes, each split into two 
chromatids. F, one of the daughter nuclei. O', metaphase of the second meiotic 
division; two chromatids are being separated from each other. //, single 
chromatids, now chromosomes, arc moving toward the poles. /, two nuclei 
resulting from the second meiotic division; each has a single chromosome 
consist ing of a single chromatid 


chromosomes which united to form the tetrad chromosome. At meta- 
phase some of the chr()mos<imes may behave in one of the ways described 
above and others in the other way. In any case the result is the same at 
the end of the second reduction division. 

While a set of chromosomes in the egg nucleus of one plant is 
believed to carry a set of hereditary factors very similar to the 
set in any egg or male nucleus of the same species, these sets of 
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factors are not necessarily identical, as different individuals within 
the same species frequently show different hereditary character- 
istics. This subject will be considered at some length in the section 
on heredity, where it will b(i shown that the behavior of the 
chromosomes is intimately connected with the laws of heredity. 

HEREDITY 

The fact that, in general, offspring tend to resemble their parents 
has been known from early times. The modern conception of the 
definite laws of heredity, however, is of comparatively recent date 
and may be said to have begun with iMendcl. In 1865, after eight 
years of investigation, Mendel read the results of his work before 
the Natural History Society of Briinn, and the following year he 
published them in the transactions of that society. Unfortunately 
his results were neglected until independent investigations by three 
botanists led to their rediscovery in 1900. It was then found that 
Mendel had discovered fundamental laws of heredity. The type of 
inheritance described by him is now known as Mendelism, 

Mendelism 

Color inheritance in the four-o’clock. The subject of inherit- 
ance can best be introduced by means of a few examples. If red- 
flowered four-o^clock plants are crossed with white-flowered ones, 
the offspring will have pink flowers. If one of these plants with 
pink flowers is self-pollinated, or if pink-flowered plants are 
cross-pollinated, their offspring will consist of red-flowered, pink- 
flowered, and white-flowered plants in the proportion of one red, 
two pink, and one white. If now the red-flowered plants are self- 
fertilized, all their offspring will have red flowers, and successive 
generations will continue to have red flowers for as many genera- 
tions as they are self-fertilized. In the same way, if the white- 
flowered plants are self-fertilized, their offspring will have white 
flowers. When, however, pink-flowered plants are self-fertilized, 
they will, like their pink-flowered parents, again produce red- 
flowered, pink-flowered, and white-flowered plants in the ratio of 
one red, two pink, and one white. The inheritance of the flower 
color in this plant, and its explanation in terms of factors and 



Fic. 397. Diagrammatic representation of inheritance of flower color in 

four-o'clock 

The flowers represent individuals : cross-hatching, red ; single hatching, pink ; 
unshaded, white. The letter R represents a factor for red; W, a factor for 
white. Rings signify gametes; straight lines represent union of sperm and 
egg ; curved lines, the production of offspring 





Heredity 337 

chromosomes, is shown in Fig. 397. The flowers represent plants ; 
R, a chromosome carrying a factor for red ; W, a chromosome with 
a factor for white. Circles represent gametes (sexual cells). 

The explanation of color inheritance in the four-o'clock is as 
follows : Two chromosomes in a red-flowered plant have a factor 
for red. During the reduction division these segregate so that 
the gametes possess only a single chromosome with a factor for 
red. Likewise, a white-flow^ered plant has two factors for white, 
w^hile a gamete produced by a white-flow^ered plant carries only 
one such factor (line 1, Fig. 397). 

The hybrid (known as the Fi, or first filial, generation) is there- 
fore produced by the union of a gamete with a chromosome carry- 
ing a factor for red and a gamete having a chromosome with a 
factor for white. The result is that the hybrid possesses both 
a factor for red and one for white, and is pink-flowered (line 2, 
Fig. 397). W^hen this individual gives rise to gametes, these will 
be of two kinds, some with a chromosome bearing a factor for red 
and others with a chromosome bearing a factor for \vhite. Just as 
the chromosome carrying the factor for red and that wdth the factor 
for white came together in the fertilized egg, so they again separate 
before the formation of gametes. The union of the gametes pro- 
duced by the Fi hybrids gives rise to the generation called F 2 , which 
is shown in Fig. 397. If a male nucleus with the factor for red 
fertilizes an egg with the factor for red, the result will be a plant 
w^hich has two factors for red in all its vegetative cells and w hich 
will produce red flowers. Likewise, if a male nucleus with a factor 
for white fertilizes an egg with a factor for white, the fertilized egg 
will have two factors for w^hite and the plant will produce white 
flow'ers. When, how^ever, a male nucleus with a factor for white 
fertilizes an egg w^hich has a factor for red, or vice versa, the 
fertilized egg has a single factor for white and a single factor for 
red, and the resulting plant will have pink flow^ers. When the F\ 
hybrid gives rise to sexual nuclei, there w ill be, on the average, an 
equal number of egg nuclei with the factor for red and egg nuclei 
with the factor for w’hite. Likewise there will be an equal number 
of pollen grains with the factor for red and pollen grains with the 
factor for white. The tw^o kinds of male nuclei produced will, 
according to chance, fertilize an equal number of eggs. Moreover, 
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each kind of male nucleus will tend to fertilize an equal number of 
eggs with the factor for red and eggs with the factor for white. The 
male nuclei with the factor for red will then fertilize eggs in the 
ratio of one with the factor for red to one with the factor for white, 
so that there will be one plant with red flowers to one with pink 
flowers. In a similar way, the male nuclei with the factor for white 
will give rise to one plant with pink flowers to one plant with white 
flowers. Thus we get plants in the ratio of one plant with red 
flowers, two with pink, and one with white (Fig. 397). 

Purity of gametes. Inheritance of color in the four-o'clock illus- 
trates one of the fundamental principles of Mendelian inherit- 
ance, that is, 'purity of gametes. The fusion of two gametes with 
alternative characters, such as red and white, results in a hybrid 
the body cells of which will contain the factors for both characters. 
When, however, this plant produces gametes, the factors for these 
two characters will separate, and one of them will be found in one 
gamete and the other in another gamete. One gamete will thus 
contain only one of two such alternative characters. In other 
words, a gamete of a four-o'clock can contain either a factor for 
red or a factor for white, but not both. In this way the alternative 
characters are segregated when gametes are formed, so that no 
gamete is a hybrid so far as a single pair of characters is concerned. 

Segregation and chromosomes. The explanation of the segre- 
gation of factors and the purity of gametes is found in the chromo- 
somes. In the chromosomes are located the factors responsible for 
Mendelian inheritance. Each gamete contains a complete set of 
chromosomes. When a male nucleus fuses with the egg nucleus, 
the fertilized nucleus has two sets of chromosomes. Naturally 
there are two sets of hereditary factors, one brought in from the 
male plant by the male nucleus and the other coming from the 
female plant through the egg nucleus. In the case of the four- 
o'clock, when red-flowered and white-flowered plants are crossed, 
a chromosome from the red-flowered parent carries a factor for red 
and the corresponding or homologous chromosome from the other 
parent carries a factor for white. At each mitosis a daughter 
chromosome from each chromosome of the fertilized egg is dis- 
tributed to each daughter cell. Each cell of the plant, including 
those of the flowers, has therefore a chromosome with a factor for 
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red and a chromosome with a factor for white. The production of 
sexual cells is preceded by the reduction divisions. During these 
the number of chromosomes is, as we have seen, reduced, and each 
of the four cells resulting from the two reduction divisions will have 
only one of two homologous chromosomes. In the case cited, it 
will have either a chromosome with a factor for red or a chromo- 
some with a factor for white but not both. For this reason the 
gametes are pure in regard to a single factor. 

Definition of terms. In discussing heredity there are a few 
technical terms which are very convenient and which are used in 
even the simplest discussions of the subject. A few of these are 
here defined. 

A gamete is a cell that fuses in sexual reproduction. A zygote 
is a cell formed as the result of sexual fusion. Two alternative 
characters, such as tallness and dwarfness, are known as allelo- 
morphs. An individual is said to be homozygous for a certain char- 
acter when it contains two factors for that character and does 
not contain the factor for the other member of the pair of allelo- 
morphs. An individual is said to be heterozygous when it contains 
factors for both members of a pair of allelomorphs. When two 
plants are crossed, the parent plants arc known as the Pj genera- 
tion, and the resulting offspring as the Fi generation ; when this 
generation is self-fertilized or interbred, the offspring compose 
the F2 generation ; the subsequent generation is known as the 
P3 generation ; etc. 

Dominance. Mendel crossed tall and dwarf varieties of garden 
peas and found that their offspring in the first generation were all 
tall. These may be called tall hybrids, as they were produced by 
crossing tall and dwarf varieties. When these tall hybrids were 
self-fertilized, they gave rise to tall and dwarf plants in the ratio 
of three tall ones to one dwarf. When the resulting dwarf plants 
were self-pollinated, they always produced dwarf offspring. One 
third of the tall ones contained two factors for tallness and none for 
dwarfness, and when self-fertilized always gave rise to tall off- 
spring only, while the other two thirds, which were tall hybrids, 
produced dwarf and tall, as did their hybrid parents, in the ratio 
of one dwarf to three tall. These tall plants, like those of the pre- 
ceding generation, consisted of one third which had no factor for 
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dwarfness and always gave rise to tall plants when self-pollinated, 
and two thirds which were tall hybrids and again repeated the ratio 
of three tall to one dwarf. This relation is shown in Fig. 398. The 
inheritance of the factors for tallness and dwarfness after the cross- 
ing of tall and dwarf plants is shown by the letters under the words 
describing the heights of the plants. T represents tallness; D, 
dwarf ness; and (D), dwarf ness which is dominated by tallness. 



Fic. 398. Diagram showing inheritance of tall and dwarf characters in peas; 
also inheritance of factors for tallness T and dwarfness D. (D) signifies dwarf- 
ness dominated by tallness 

In the case just discussed, when tall plants were crossed with 
dwarf ones their offspring were all tall. If plants with two opposite 
characters are crossed and their offspring show one of the char- 
acters and no influence of the other, then the character which 
appears in the offspring is said to dominate, or to be a dominant 
character. A character which does not appear is said to recede, or 
to be a recessive character. In this case tallness is a dominant char- 
acter as compared with dwarfness. Dominance, like purity of 
gametes, is an important Mendelian principle. In the case of the 
four-o'clock plants the red color of the flowers is not nearly so 
dominant as is tallness in peas. The red color of the four-o'clock 
is said to be incompletely dominant. 
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In different cases there may be various degrees of dominance. 
In some plants flower color may be just as dominant as tallness in 
peas, while in other plants length may be only partially dominant. 
Thus the fact that a character is dominant in one species does not 
necessarily imply that it is dominant in other species. Such facts 
can be determined only by observation. 

On examining Fig. 398 we find that the factors for tallness and 
dwarf ness are inherited in exactly the same way as the factors for 
color in four-o’clock plants. When a pure strain of tall peas is 
crossed with a dwarf one, the plants of the first hybrid generation 
contain a factor for tallness and also a factor for dwarfness, even 
though the factor for clwarfness is recessive. These plants, if self- 
pollinated, will produce three kinds of plants, even though on super- 
ficial examination there would appear to be only two. The three 
kinds are produced in a ratio of one which has two factors for tall- 
ness and none for dwarfness, and so can produce only tall offspring ; 
two which contain both the factor for tallness and the factor for 
dwarfness, and so can produce both tall and dwarf offspring ; and 
one which contains two factors for dwarfness and none for tallness, 
and so can produce only dwarf offspring. The plants which contain 
b(jth the factor for tallness and the factor for dwarfness will be 
like their hybrid parents in hereditary height factors, and so will 
naturally give rise to the same kinds of plants as did their parents, 
and in the same proportion. 

In writing the abbreviations of characters it is very convenient 
as well as customary to represent the dominant character by a 
capital letter, as T for tallness, and the recessive character by the 
same letter not written as a capital. Thus, when tallness is domi- 
nant over dwarfness, dwarfness may be indicated b}^ L 

Inheritance of two pairs of characters. When we observe any 
organism we see that it is a morphological and physiological unit. 
From the standpoint of inheritance it is, however, made up of a 
number of hereditary units or characters, which most often appear 
to be inherited independently of each other. The examples of in- 
heritance which we have considered demonstrate very clearly the 
segregation of characters and the purity of gametes, while the in- 
heritance of height in peas is a good example of dominance. The 
independence of characters can be emphasized by a consideration 
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of the inheritance of two pairs of characters which Mendel studied 
in garden peas. 

In peas round seed is dominant over wrinkled seed, and yellow 
seed over green seed. When, therefore, we cross a plant having 

round yellow seed with 



p. 


one having wrinkled green 
seed, the Fi generation 
will have round yellow 
seed. If these hybrids are 
self-fertilized, they will 
give rise to the following 
kinds of plants in the fol- 
lowing ratio : nine w ith 
round yellow seed, three 
with round green seed, 
three with wrinkled yel- 
low seed, one with wrin- 
kled green seed. This 
relation.ship is shown in 
Fig. 399, in which the 
small squares represent 
individuals, while circles 
represent gametes. R 
stands for a factor for 
round ; r, for wrinkled ; 
Y, for yellow ; and y, for 
green. 

From the diagram it 
will be seen that the Fi 
generation contains a fac- 
tor for round, one for 
wrinkled, one for yellow, 
and one for green. When this plant forms gametes, both the male 
and the female gametes will show four different combinations of 
factors : namely, round and yellow, round and green, wrinkled and 
yellow, and wrinkled and green. A male nucleus with the factors 
for round and yellow can fertiliSse any of the four kinds of eggs, 
and, according to chance, will fertilize the different kinds in equal 


Fig. 399. Diagram showing inheritance of seed 
characters in garden peas 

Squares represent individuals; circles con- 
taining letters are gametes ; letters represent 
factors as follows : R, round ; r, wrinkled ; Y, 
yellow; y, green 
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numbers. Likewise the three other kinds of male nuclei will ferti- 
lize all four kinds of eggs in equal numbers. The different combi- 
nations produced are shown in squares in the lower part of the 
diagram. Such a set of squares may be very simply constructed 
by writing the factors for one of the kinds of eggs in each square 
of the first vertical row of squares, and the factors for each of the 
other kinds of eggs in a separate vertical row of squares. The 
characters for male nuclei should be similarly written in horizon- 
tal rows. If we examine the squares in the lower part of the dia- 
gram, we shall see that there are nine which contain both R and 
Y, and so represent plants with round yellow seed ; three which 
contain R but not Y, and so represent plants with round green 
seed ; three which contain Y but not R, and so represent plants 
with wrinkled yellow seed ; and one square which contains neither 
R nor Y, and so represents a plant with wrinkled green seed. The 
last-mentioned square is the only one of the sixteen which rep- 
resents a plant that is pure for both recessive characters. Like- 
wise, there is only one of the sixteen squares which represents 
a plant that is pure for both dominant characters. 

A line drawn diagonally from the upper left-hand corner to the 
lower right-hand corner of the large square in the lower part of 
Fig. 399 passes through four small squares, each of which repre- 
sents a different kind of individual that is homozygous for one of 
each of the two pairs of characters. Similarly, a line drawn from 
the lower left-hand corner to the upper right-hand corner of the 
large square passes through four small squares, each of which is 
heterozygous for both pairs of characters. 

The F 2 generation of a cross between peas having round yel- 
low seed and peas having wrinkled green seed shows very clearly 
that in this case the pairs of characters are independent of each 
other. In other words, round and yellow, and likewise wrinkled 
and green, are inherited independently of each other. 

Linkage. The number of different chromosomes in an organism 
is usually not very great ; on the other hand, the organism has a 
large number of characters. It should follow from this that one 
chromosome would carry several or many different factors. More- 
over, factors which are in the same chromosome should be linked 
together in inheritance. This reasoning is borne out by the fact 
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that many characters are linked together in inheritance. In the 
Chinese primrose the factors for red stigma, red flower color, long 
style, dark stem, and light corolla tube are linked together. In 
garden peas the factor for round seed as opposed to wrinkled seed 
and the factor for tendriled as opposed to non-tendriled leaves go 
together. We may conclude, therefore, that factors in the same 
chromosome are linked together, while those in different chromo- 
somes are independent. 

Cross-over. During the propliasc of the first reduction division, two 
homologous chromosomes come to lie very close together, are often more 
or less twisted around each other, and, in places, are actually joined to- 
gether. At this stage each chromosome is split into two chrornatiils, and 
so chromatids from homologous chromosomes may l)c in very intimate 
union. It sometimes happens that, owing to this intimate connection, 
chromatids of homologous chromosomes exchange parts before separating 
at metaphase. The net result is as though each chromatid had been broken 
across and when the break was repaired the union was not between |)arts 
of the same chromatids but between parts of different but homologous 
chromatids. It api^ears that in such cases the union of two homologous 
chromatids has been so close at the ix)int where the exchange occurs that 
separation takes place not between the original chromatids but across 
them, so that afterwards each chromatid is made up of parts of two 
^ homologous chromatids. Such exchanges between homologous chroma- 
tids are known as cross-overs. It has been found that different parts of a 
chromosome carry different factors, and so cross-overs afford a means for 
the interchange of factors which are linked together. 

Trihybrids. In the consideration of the inheritance of two pairs of 
characters we have seen that sixteen combinations are involved in the F2 
generation. These include plants of four different appearances and nine 
different germinal compositions. Wlien three pairs of characters are con- 
sidered, sixty-four individuals are involved in the F2 generation. These 
include plants of eight different appearances and twenty-seven different 
germinal compositions. Only one of the sixty-four contains only dominant 
factors, and, likewise, only one contains only recessive characters. 

The inheritance of three pairs of characters may be illustrated by gar- 
den peas. In these plants we have seen that tallness is dominant over 
dwarf ness, yellow seed is dominant over green seed, and round seed is 
dominant over wrinkled seed. If tall individuals with yellow round seed 
are crossed with dwarf ones with green wrinkled seed, the offspring in the 
Ft generation will contain factors for tallness, dwarfness, yellow, green, 
round, and wrinkled ; but all the individuals will be tall with yellow round 
seeds, as these characters are dominant. 
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When the Fi generation forms gametes, these are of eight kinds, and 
the fusing of eight kinds of eggs with eight kinds of male nuclei gives rise 
to sixty-four cotnbinations. These relationships are shown in Fig. 400, in 
which T represents tall ; t, dwarf ; Y, yellow ; y, green ; R, round ; and r, 
wrinkled. 



Fig. 400. Diagram showing inheritance of three pairs of characters in garden 
peas: tallness, T, dominant over dwarfness, t; yellow seed, Y, dominant over 
green seed, y ; round seed, R, dominant over wrinkled seed, r 


Complementary factors. In all the cases that we have so far 
considered, a single factor is responsible for the production of a 
character ; but in some cases more than one factor is necessary. 
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This may be illustrated by the case of two strains of white-grained 
com which, when crossed, will give all red grains in the Fi genera- 
tion. In the F2 generation there will be nine red to seven white. 

This ratio suggests at once 
that here is a case of the 
inheritance of two factors. 
In such a case nine out 
of sixteen individuals have 
both dominants of two 
pairs of allelomorphs. 

IVo factors were nec- 
essary to produce the red 
color, and one of these 
was present in one of the 
strains and the other in 
the other strain. When 
these two strains were 
crossed, all the individuals 
in the Fi generation con- 
tained both factors and 
were red. In the F2 
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generation nine of the six- 
teen individuals contained 
both factors that were 
necessary for color and so 
were red, six contained 
one or the other of the 
two factors and were 
white, while one did not 
contain either of the tw^o 
factors and so was white. 
Two factors both of which 
are necessary for the pro- 
duction of a single character are known as complementary factors. 

The inheritance of the factors in the above case is shown in 
Fig. 401 , in which one of the necessary factors is represented as 
C and its absence as c, while the other is represented as E and its 
absence as e. 


Flc. 401. Diagram of inheritance of comple- 
mentary factors producing a red color in corn 

The complementary factors are dominant 
and are represented by C and E, while their 
absence is shown by c and e respectively. 
Each parent has only one of the complemen- 
tary factors and is white, while the Fi hy- 
brid has both factors and is red. The r^ 
colm* in the grain is indicated by stippling 
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Many pigments in plants are produced by the action of enzymes 
on a colorless substance known as chromogen. What may be the 
explanation of the above case of inheritance in corn is that one of 
the strains of white-grained corn contained a factor for chromogen 
and the other a factor for an enzyme capable of acting on. the 
chromogen and producing red. When these two strains were 
crossed; the resulting plants contained both chromogen and en- 
zyme, and so the grains were red. 

A consideration of complementary factors shows that more than 
one factor may be necessary to produce a given character, and it is 
probable that any character is the result of several or many factors. 
When the inheritance of a pair of contrasting characters appears 
to be due to a single pair of factors, this docs not mean that only 
one factor is necessary for the production of a character, but simply 
that a difference between two factors of a pair results in the appear- 
ance of a pair of contrasting characters. In the case of the in- 
heritance of red color in corn, illustrated in Fig. 401, the color is 
due to at least two factors. However, if we were to cross the in- 
dividuals represented by squares 1 and 6 in the lower part of the 
diagram, red would appear to be a simple Mendelian dominant, 
conditioned by a single factor, as the two individuals differ from 
each other only in the factors E and e. Not only is one character 
the result of the interaction of many factors, but one factor may 
influence more than one character. 

Cumulative factors. Some plants contain more than one pair 
of factors which produce similar results. Such factors are known 
as cumulative factors. These may be illustrated by certain strains 
of wheat. In breeding experiments a strain of wheat with white 
kernels was crossed with one with red kernels, and the individuals 
of the F\ generation were intermediate in color. In the Fo genera- 
tion there were fifteen red to one white. Moreover, the red in- 
dividuals were represented by four shades of red. The explanation 
of the results is that the red strain contained two pairs of factors 
for the production of red, that the different factors were cumula- 
tive in their action, and that all four factors were necessary for the 
production of the depth of color shown by the parent red strain. 
If A stands for a factor of one pair and B for a factor of the other 
pair, then the red strain may be represented by AABB, and the 
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white strain by aabb. When these two strains were crossed, the 
F\ generation contained the factors AaBb. The individuals of this 
generation thus contained only half as many factors for red as 

the parent red strain, and 

1 






aa 


Jiti 


their color was interme- 
diate between that of the 
red and the white strain. 
When this Fi genera- 
tion formed gametes, they 
were of four kinds, AB, 
Ab, aB, and ab. There- 
fore the F 2 generation 
should show the sixteen 
combinations character- 
istic of dihybrids. Fig. 
402 shows the results. 
An examination of the 
squares in the lower part 
of the diagram shows that 
only one out of sixteen 
does not contain either 
A or B. This individual 
has only recessive char- 
acters and is white, while 
the other fifteen are red. 
Only one, however, con- 
tains four factors for red, 
and this is the only one 
with as deep a color as 
the original red strain. 
Six individuals contain 
two factors for red, or 
exactly half the number 
in the original red strain. The number of factors for red (and so the 
depth of color) is indicated by the number of the letters R shown 
in the grains in the squares. 

Another set of experiments with wheat is even more interest- 
ing in connection with cumulative factors. A different red strain 



Flc. 402. Diagram representing inheritance 
of two pairs of cumulative factors, AA and 
BB, which produce a red color in wheat 

The absence of A and B is represented by a 
and b respectively. Squares represent in- 
dividuals; circles, gametes. The number of 
factors for red, and consequently the degree of 
redness, is shown by the number of the letters 
R in the wheat grains 
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was crossed with a white strain, and the individuals of the Fi gen- 
eration were again intermediate in color. In the F 2 generation 
there were sixty-three reds of various shades to one white. In this 
case the red strain appeared to contain three pairs of factors for 
red, all of which seemed to produce about the same degree of color 
and all of which were necessary to produce the depth of color shown 
by this strain. The proportion of sixty-three red to one white is 
evidently a trihybrid ratio. In trihybrid ratios there is only one 
out of sixty-four in the F 2 generation which is 
purely recessive ; so, if the red strain contained 
three pairs of factors for red, the F 2 generation 
of a cross between this red and a white should 
produce only one out of sixty-four individuals 
without a factor for red. Likewise, there would 
be only one out of sixty-four which would have 
six factors for red and which would be as dark 
as the red strain. In all there were six degrees 
of redness. 

In some cases crosses are made in which 
offspring intermediate in characters appear to 
breed more or less true to the type of the Fi 
generation. It is interesting to consider these 
cases in connection with cumulative factors. 

If there were six pairs of cumulative factors, 
then in the F 2 generation each of the original 
types would be represented by only one indi- 
vidual out of 4096. The F\ generation would be intermediate in 
characters between the two parent forms, and in subsequent 
generations it would be very rare to find an individual like either 
of the parent types; unless very large numbers of individuals 
were reared, such types might altogether fail to appear. The 
hybrid would then seem to breed more or less true to the hybrid 
type. 

Inheritance of sex. In many animals and quite a number of 
dioecious plants, the inheritance of sex has been found to be con- 
nected with chromosomes (Fig. 403). In Elodea, for example, the 
inheritance of sex is connected with a pair of chromosomes called 
sex chromosomes. In female plants there are two large sex chromo- 



Fic. 403. Meiotic di- 
vision in Lychnis 
alba 

The pair of chro- 
mosomes on the left 
are the sex chro- 
mosomes. The one 
which is above and 
larger is the female, 
while the one which 
is somewhat smaller 
and below is the 
male. After Black- 
bum 
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somes which are spoken of as X chromosomes. In male plants the 
pair of sex chromosomes consists of a large X chromosome and a 
small chromosome known as a Y chromosome. The female is 
homozygous and has two X chromosomes, while the male is hetero- 
zygous and has an X and a Y chromosome. As both of the sex 
chromosomes in the female are X chromosomes, all eggs are alike 
and contain an X chromosome. The male nuclei, on the other 
hand, are of two kinds, one with an X chromosome and one with 
a Y chromosome. When an egg is fertilized by a male nucleus with 
an X chromosome, a female plant results. When the egg unites 
with a male nucleus having a Y chromosome, a male plant is pro- 
duced. Under natural conditions there should be the same number 
of pollen grains with X chromosomes and pollen grains with Y 
chromosomes. Random pollination should result, as is the case, in 
an approximately equal number of female and male plants. 

Application of Mendelism. The laws of inheritance known as 
Mendelism were first discovered in plants. Afterward they were 
found equally applicable to animals, as well as to human beings. 
The value of definite laws which can be applied to animal and 
plant breeding can hardly be overestimated, and human society 
seems certain to be profoundly influenced by the application to 
itself of these same laws. 

Much greater progress has been made in the study of Mendelism in 
plants and animals than in man, as it is of course not |X)ssible to conduct 
experiments with human beings in the same way as with plants and ani- 
mals. Moreover, we know that most human beings are very complex 
hybrids, and this in itself makes it difficult to study inheritance in man. 
Also, man is a slow-breeding animal, so that it has been impossible for 
modern students of heredity to observe many generations, while it is 
difficult to get accurate descriptions of characteristics of generations that 
have died. 

Many human characters which seem to behave in Mendelian fashion 
have been catalogued. Among these are curly hair dominant over straight 
hair, dark hair over light hair, brown eyes over blue eyes, normal pigmen- 
tation over albinism, and normal condition over hereditary insanity or 
feeble-mindedness. In croases between the negro and tlie white, color of 
skin does not act as a simple character dependent on one factor. In the 
F2 and subsequent generations, however, there may be individuals much 
lighter or much darker in color than the mulatto parents. Indeed, the 
color may be as dark as that of a negro or light enough to pass for white. 
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These results indicate that the color is conditioned by multiple factors 
which act in Mendelian fashion. In a previous connection we have seen 
that if three cumulative factors are concerned, then in the F 2 generation 
each of the original races would be represented by only one individual out 
of sixty-four, while sixty-two would be intermediate ; if six factors were 
concerned, only one out of 4090 individuals of the F 2 generation would 
have the germinal composition of each original race. 

PLANT BREEDING 

Selection. The method of obtaining improved varieties has 
been that of selecting plants with desired characters for propa- 
gation, and discarding undesirable ones. Of course, the act of 
selecting individuals with desirable characters cannot produce 
anything new, as selection presupposes variations which can be 
selected. In order to learn how new varieties are produced it is 
necessary, therefore, to consider the origin of variation. Variation 
is a universal phenomenon among both plants and animals — so 
universal, in fact, that it has given rise to the common expression 
that no two plants or animals are alike. 

Acquired characters. Favorable methods of cultivation fre- 
quently result in the production of larger and more vigorous in- 
dividuals. If a plant attains to an exceptionally large size by grow- 
ing under unusually favorable conditions, this size is said to be an 
acquired character, as it is one accpiired during the life of the in- 
dividual and not one that the individual inherited. Such acquired 
characters do not appear to be inherited. The seeds of vigorous 
plants are likely to be larger than those of weak plants ; large seeds 
contain more stored food than smaller ones, and so give the seed- 
lings a better start. In this way the offspring of a vigorous plant 
may be somewhat larger than the offspring of a less vigorous one. 
This character, however, is not hereditary, as the larger size will be 
maintained only so long as each generation is grown under the 
favorable conditions that gave rise to this exceptional vigor. 

Continuous variations. The variations between plants are of 
different kinds. Some are minor variations, known as continuous 
variations, which are not inherited. When many plants of one 
homozygous variety are examined, it is found that they differ from 
one another by slight variations which are quantitative in char- 
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acter and do not depart from the average beyond a certain limit. 
Thus, some plants will be shorter and others taller, some will have 
deeper-colored and others lighter-colored flowers, etc. While the 
plants of one generation may vary thus among themselves, the 
average for large numbers will be constant for different genera- 
tions. Continuous variations are largely or entirely due to en- 
vironmental conditions. They are said to be continuous because 
between any two variations there is a gradual series of variations 
which differ from one another by imperceptible gradations. Con- 
tinuous variations are also called fluctuating variations, because in 
successive generations the character fluctuates around the same 
average. 

The selection of fluctuating variations cannot produce varie- 
ties with different hereditary characteristics, because when an 
extreme type is selected the progeny always tend to return to the 
average. The most that can be accomplished by selecting such 
variations is to produce a quantitative change while the selection 
is continued. If during several succeeding generations the seeds 
of the tallest plants of a variety are selected for propagation, we 
may get taller plants than the average, but this extra height will 
disappear as soon as selection is discontinued. 

Hybrids. Hybrids are the offspring produced by the union of 
the sexual cells of different genera, species, or varieties. The off- 
spring resulting from the crossing of white-flowered and red- 
flowered plants of the same species are examples of hybrids, as 
are also the offspring obtained by crossing different genera, as the 
radish and the cabbage. In general, crosses are most easily made 
between closely related races. When the races are not closely re- 
lated the hybrids usually show a lessened fertility or absolute 
sterility, while hybrids formed by crossing distantly related species 
are frequently lacking in vigor. 

Variations due to hybridization. When two varieties of plants 
which differ from each other in a number of characters are crossed, 
their offspring will usually show some of the characters of each 
parent, while those characters which are recessive and do not ap- 
pear in the Fi generation will do so in subsequent generations. 
Hybridizing, therefore, tends to produce variations. A knowledge 
of the Mendelian laws of inheritance enables us to combine hy- 
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bridizing and selecting much more intelligently than we could 
otherwise do. We have seen that a cross between tall peas with 
round yellow seeds and dwarf peas with wrinkled green seeds gives, 
in the Fi generation, tall plants with round yellow seeds, as the 
characters tall, round, and yellow are dominant over the alterna- 
tive characters. If it were desirable to have dwarf plants with 
round yellow seeds, these could be obtained in the F2 generation. 
In this generation one out of sixty-four individuals would be homo- 
zygous for dwarf, round, and yellow. The progeny of these in- 
dividuals would therefore breed true. The F2 generation would 
also contain dwarf individuals with round yellow seeds which 
would not breed true. Such plants would be heterozygous for 
round or yellow or for both of these characters. In order to dis- 
tinguish between the plants which are homozygous for the desired 
characters and those which are heterozygous it is only necessary 
to obtain a sufficient number of plants of the next generation and 
see which plants breed true. This example enables us to see how 
we can combine the desirable characters of one variety wdth those 
of another and get a variety that is superior to both of the parent 
varieties. 

Mendelisrn also shows that certain characters are the result 
of a heterozygous condition, and that we cannot obtain a variety 
that will breed true for such characters. Pink four-o'clocks afford 
a good example. As pink flowers are produced only by heterozy- 
gous individuals, pink-flow’cred plants will never breed true but 
will produce red-flowered, pink-flowered, and white-flowered 
plants in the ratio of one, two, and one. 

Mutations. It has been pointed out that the selection of con- 
tinuous variations does not result in hereditary changes, while 
hybridization may produce new varieties. There are, how^ever, 
variations which are not the result of hybridization and which 
are hereditary. These may occur even in pure lines, that is, in 
strains descended from a single self-fertilized homozygous indi- 
vidual. Such hereditary variations are much less numerous than 
are fluctuating variations, and are knowm as mutations. Char- 
acters which appear as the result of mutations are inherited in 
Mendelian fashion and may be either dominant or recessive. In 
popular language, mutations are frequently spoken of as sports. 
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The improvement of cultivated plants has frequently been due 
to the selection of mutations. Red sunflowers and giant varie- 
ties of tobacco are examples of mutations. 

A character which results from a mutation may be considered 
as due to the modification of something already present rather 
than as the result of the addition of an entirely new factor. A 
mutant may vary greatly or only slightly from the parent. 

The red sunflower affords a good example of a mutant. In the 
sunflower the so-called flower is in reality a head composed of 
many flowers packed close together. The central, or disk, flowers 
are small, while the outer, or ray, flowers are large and have a 
brilliant orange color. It is these ray flowers that are largely re- 
sponsible for the attractive appearance of the head. In the year 
1910 a sunflower with chestnut-red rays was found by a road- 
side in Boulder, Colorado. The plant was very striking, and its 
presence could only be explained as due to mutation. In order 
to reproduce the plant it was necessary to cross it with a plant 
having ordinary orange-colored rays, as sunflower plants are not 
fertile unless cross-pollinated. In the F\ generation of this cross 
about half the plants were red and the other half orange. Sub- 
sequently the red color proved to be a Mendelian dominant. 
Therefore the explanation of the fact that in the F\ generation 
of the original cross half the offspring showed the red color and 
half the orange color would seem to be that the original red mutant 
was heterozygous and contained only one factor for red. 

An examination of the red color of the red sunflowers showed 
that the chestnut-red color was due to the fact that both a red 
pigment and the original orange pigment wore present in the rays. 
By subsequent breeding, plants were obtained that had rays with 
the red and without the orange color. These flowers were wine red 
or old rose. The breeding was carried out in the following manner : 

Since the year 1889 there has been in cultivation a variety of sunflower 
called primrose, which arose as a mutant from the ordinary orange variety, 
and which is pale yellow. This variety was crossed with the chestnut red. 
In the F\ generation the offspring were all chestnut red, as the orange 
color dominates the pale yellow and the red dominates the absence of red. 
In the F'i generation there were four kinds of plants obtained : chestnut 
red, orange, wine red, and light yellow, approximately in the proportion of 
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nine, three, three, one. This is the dihybrid ratio and shows that in this 
case we are considering two pairs of indei)endent unit characters. The 
first pair is the dominant red, R, and the recessive, which is the absence of 



Fic. 404. Diagram of inheritance of flower color in sunflower 

R represents a factor for the tlominant ch.nracter red ; r, the absence of this 
factor; O, the factor for the dominant color orange ; and o, the factor for the 
recessive pale yellow. R and O together produce chestnut red 

red, r ; the second pair is the dominant orange, 0, and the recessive pale 
yellow, o. By these symbols Fig. 404 slunx’s the crossing of the chestnut 
red and the light yellow and the composition of the Fi and F 2 generations. 
The red sunflower shows how a new variety can arise as a mutation, and 
how still other new varieties can be obtained by further breeding. 
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Character of mutation. Mutations may result in striking new 
characteristics, as in the case of the red sunflower. The difference 
may be one of color, form, size, or other features. A quantitative 
change may be conspicuous. The evening primrose has by muta- 
tion produced large forms. Often, however, a mutant form may 
differ only very slightly from its parents. The mutation may re- 
sult in only a very slight difference in size, or a change in shade of 
color, or some other minor difference. The essential characteristic 
of a mutation is that there is a change which is hereditary. 

Origin of mutations. Mutations are due to alterations in 
chromosomes. In a large number of cases a mutation is connected 
with differences which have been observed between chromosomes 
of the mtitant and those of the parent. Many mutants are con- 
nected with changes in the number of chromosomes. The large 
gigas forms of the evening primrose have twice the number of 
chromosomes found in ordinary plants. In other words, instead of 
being diploid the plants are tetraploid. Many cultivated plants 
have varieties with more than the diploid number of chromosomes. 
These multiplications of the original number may be triploid, 
tetrajrfoid^jpentaploid, hexaploid, etc. Plants with more than the 
usual number of chromosomes are sometimes larger than the 
parent form, but this is not always the case. They may also differ 
in other characteristics. The most common cause of the origin of 
tetraploid varieties, probably, is that the chromosomes of a 
nucleus have divided but the nucleus itself has not. Various other 
irregularities in chromosome numbers have been found to be con- 
nected with mutations. Thus, mutations may have 2 x + 1 or 
2 X + 2 chromosomes ; such numbers appear to be derived, at 
least in some cases, from the failure of a chromosome to divide at 
the usual time. If two chromatids do not separate at metaphase 
but pass together to one pole and thus enter a single nucleus, that 
nucleus will have one more than the usual number of chromosomes, 
while its sister nucleus will have one less. Modifications of in- 
dividual chromosomes have also been noted in mutants. While 
changes in chromosomes can thus be observed in many mutants, 
it is very frequently the case that there is no observable change. It 
would appear, however, that in such cases there must have been 
ah alteration in a chromosome, even though this change may have 
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been purely chemical and one which cannot be detected by any 
means at our disposal. We know that the inheritance of Mendelian 
characters is dependent on chromosomes, and we have definite 
evidence that many mutations are due to changes in chromosomes ; 
therefore it seems logical to conclude that, in general, mutations 
are brought about in this manner. 

While it does appear that changes in chromosomes are responsi- 
ble for mutations, we are still left with the problem of the cause of 
the changes in the chromosomes themselves, and this is one of the 
most perplexing problems of heredity and evolution. A mutation 



Fic. 405. Hybrid vigor in com 

Right and left, two inbred strains; center, their Fi progeny. (After Shull) 


often occurs in a single individual raised with many others under 
as uniform conditions as the experimenter can produce. Mutations 
have been induced by subjecting organisms to such violent treat- 
ments as exposure to X rays, radium, or excessive temperatures. 
These experiments do not solve the problem of the cause of muta- 
tions under natural conditions, as the doses of X ray and radium 
employed are much greater than the organisms would ever en- 
counter under natural conditions. They do show, however, that in 
some cases mutations are caused by definite stimuli. 

Hybrid vigor. The crossing of two races which are not too dis- 
tantly related frequently results in an increased vigor, knowm as 
hybrid vigor, in the offspring (Fig. 405). In wide crosses there is 
often an increased vigor accompanied by sterility, as in the well- 
known case of the mule; in very wide crosses sterility may be 
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accompanied by a lessened vigor ; while if the germinal composi- 
tion of two races is too dissimilar, it is impossible to hybridize them. 

Within the range in which crossing results in an increased vigor 
without lessened fertility, the vigor increases with the degree of 
heterozygousness resulting from the cross. Self-fertilization of a 
heterozygous race results in a decrease in the heterozygous con- 
dition; so, as might be expected, self-fertilization of a vigorous 
hybrid race results in a decrease in vigor which continues until a 
homozygous condition is reached, after which there is no further 
deterioration. 

Hybrid vigor appears to be connected with the fact that the 
hybrid contains the dominant factors of both parents, and that in 
most cases dominant characters are desirable and promote vigor. 

Likewise, the deterioration which follows the self-fertilization 
of vigorous hybrids seems to be connected with a decrease in the 
number of dominant factors in the homozygous races. Moreover, 
w'hen a large number of contrasting factors are involved, the link- 
age of factors in the same chrom<jsome prevents the accumulation 
in a homozygous condition of all the dominant factors present in 
the hybrid. Thus, if a chromosome from one parent of the hybrid 
contained the dominant factors A and B and the recessive factors 
c and d, and the corresponding chromosome from the other parent 
carried the recessive factors a and b and the dominant factors C and 
D, the hybrid would possess all four dominant factors ; but it is 
not to be expected that self-fertilization would result in an individ- 
ual homozygous for the four factors, A, B, C, and D. 

Inbreeding and outbreeding. Self-fertilization, or the crossing 
of closely related individuals such as brothers and sisters or parent 
and offspring, is known as inbreeding, while the crossing of unre- 
lated individuals is known as outbreeding. 

Inbreeding. The majority of flowering plants are provided 
with some device for promoting cross-pollination. On the other 
hand, some vigorous plants, such as wheat, rice, barley, oats, 
tobacco, beans, and tomatoes, are characterized by very nearly 
continuous self-fertilization. Self-fertilization in these cases cer- 
tainly does not appear to be harmful. Therefore we may conclude 
not only that cross-fertilization is not always necessary, but also 
that self-fertilization is not necessarily harmful. 
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It would seem that continuous vegetative propagation without 
any sexual reproduction is also without deleterious effects. Ordi- 
nary varieties of bananas, pineapples, and horseradish are ex- 
amples of very vigorous plants that are always reproduced vegeta- 
tively. Moreover, they have reproduced in this manner throughout 
the whole period during which we have knowledge of them. As far 
as hereditary composition is concerned, vegetative reproduction and 
self-fertilization of homozygous strains should have the same effect. 

Self-fertilization in com. Vigorous varieties of corn have been 
found to be complex hybrids. Self-fertilization of such varieties 
results in rapid deterioration. This deterioration is most marked 
in the Fi generation. The deterioration continues for several 
succeeding generations, but the amount of deterioration becomes 
less and less. The final result is the production of approximately 
homozygous strains which differ greatly from each other. When, 
as a result of self-fertilization, the strains become homozygous, no 
further deleterious effects are produced by self-fertilization. When 
the deteriorated homozygous strains are crossed, the vigor of the 
original plants is restored (Fig. 405). This result shows that the 
deleterious effects following self-fertilization were the result of 
reducing the plants to a homozygous condition. Crossing the dete- 
riorated strains restored the heterozygous condition, in which the 
unfavorable recessive characters were again masked by favorable 
ones. 

Deleterious effects of inbreeding. If a strain contained no un- 
favorable recessive characters, self-fertilization could not cause 
the appearance of any such characters. The valuable strains in 
such self-fertilized plants as wheat and beans appear to be homo- 
zygous, and self-fertilization cannot produce deterioration by 
permitting the appearance of unfavorable recessive characters. 
We may conclude, therefore, that self-fertilization can produce 
no harmful effect in homozygous strains, but that it can do so in 
strains which are heterozygous, as it decreases the number of 
dominant factors and also allows unfavorable characters to appear. 
It is apparently for this reason that harmful results frequently 
follow the close mating of domestic animals and of man. These 
are usually complex hybrids and frequently carry unfavorable reces- 
sive factors which are masked by favorable dominant ones. 
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The crossing of two separate individuals, which is characteris- 
tic of cross-pollinated plants and of all higher animals, has a tend- 
ency to promote a heterozygous condition, and an increase in 
heterozygousness is frequently associated with increased vigor. 
Self-fertilization, or close inbreeding, has a tendency to produce a 
homozygous condition, and so frequently results in decreased 
vigor in species that are normally cross-fertilized and heterozygous. 

The value of outbreeding. Outbreeding frequently affords a 
great advantage over inbreeding in that it results in increased vigor, 
and also because it permits the combination of characters of differ- 
ent varieties. The vigor of the Fi generation of a cross is frequently 
utilized in breeding. A conspicuous example is that of the mule, 
obtained by crossing a mare and a male ass. In plants many valu- 
able hybrids are reproduced vegetatively by buds or by cuttings. 
This method of preserving a hybrid is very frequently practiced 
with fruit trees and ornamental plants. 

While crossing different strains frequently results in increased 
vigor, it does not follow that a good variety will be improved by 
crossing with a poor one ; in fact, the reverse is usually the case. 
It is not to be expected, of cour.se, that a valuable variety can be 
unproved by the incorporation of undesirable characters in it. 

Combination of outbreeding and inbreeding. When a plant can 
be reproduced readily by vegetative means, it is a simple matter 
to retain the desirable characters found in a hybrid. The case is 
very different, however, with organisms that are reproduced only 
by the sexual process. In such cases, if a hybrid is heterozygous for 
many desirable characters, a strain that will breed true for a con- 
siderable proportion of them can frequently be obtained by 
inbreeding. Very valuable results may be produced by such 
inbreeding accompanied by vigorous selection. 
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DIVISIONS OF THE PLANT KINGDOM 

Classification of plants. In any consideration or study of plants 
it is necessary to classify them, that is, to arrange them in groups 
and subgroups. The different species are placed in the various 
groups and subgroups according to their similarities and differences. 
That part of botany which deals with the classification of plants is 
known as systematic botany. 

Since the general acceptance by botanists of the theory of 
evolution, it has been tlie ideal of systematic botanists to devise a 
classification which ill show the true relationship of the different 
kinds of plants. Great progress has been made in this direction ; 
but on many points there is a dearth of information, and consider- 
able speculation and divergence of opinion. There is also some 
disagreement owing to the tendency of some authorities to prefer 
large groups with many members and of others to have many small 
groups with fewer components. 

Divisions of the plant kingdom. A very widely used system of 
classification of plants is one which divides the plant kingdom into 
four large groups called divisions or phyla. These are Thalhphyta, 
Bryophyia, Pteridophyta, and Spermatophyta. These names end 
with the suffix phyla, which denotes that they are names of divi- 
sions of the plant kingdom. 

Spermatophyta. The division Spermatophyta includes all seed- 
bearing plants. Some plants, such as seeilless bananas and seed- 
less oranges, are regarded as spermatophytes although they do 
not produce seed. This illustrates the fact that the classification 
is based on relationship rather than on arbitrary characters. Such 
seedless plants are so similar in general characteristics to other 
spermatophytes as to leave no doubt of a close relationship, and 
in some cases seedless varieties have arisen from seeded ones 
under circumstances which are well known. 
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Pteridoph3rta. The pteridophytes are the ferns and their allies 
the horsetails and clubmosses (Figs. 859, 882). They have neither 
flowers nor seed, but reproduce by means of single cells known as 
spores. On the backs of the mature leaves of most of the common 
ferns are raised brown patches. In these are many spore cases 
(sporangia) y each containing numerous spores. The spores fall to 
the ground and give rise to minute plants called prothalliy singular 
prothallus (Fig. 831). The prothalli produce eggs and motile male 
cells, the spemiatozoids (Fig. 832). An egg is fertilized by a sper- 
matozoid and then develops into the familiar fern plant (Fig. 837). 
There is thus an alternation of a large plant which produces asexual 
spores and a minute plant bearing sexual cells. This alternation is 
known as the alternation of generationSy the alternate generations 
being asexual (spore-bearing) and sexual. 

Bryophyta. The bryophytes are the mosses and the mosslike 
plants called liverworts. 

Thalloph]rta. The name Thallophyta indicates plants with 
thallus bodies, that is, not differentiated into stems, roots, and 
leaves. A great variety of such plants are found in the division 
ThaUophyta. These include the bacteria, blue-green algae, algae, 
fungi, and lichens. 

The system of classification which divides the plant kingdom 
into four divisions w^as devised many years ago w^hen botanists 
knew much less about the variety in smaller plants than they do 
today. Further study has shown that the old division Thallophyta 
should be divided into a number of divisions or subdivisions, as it 
embraces a great diversity of plant forms, some of which, as for in- 
stance the bacteria and the true algae, can be separated by much 
more fundamental features than the bryophytes, the pteridophytes, 
and the spermatophytes. But even botanists who make several 
divisions of the Thallophyta often say " Thallophyta and " thallo- 
phytes,'' as these are very convenient terms and are easily under- 
stood, being based on obvious characteristics. 

In this book the thallophytes are divided into various divisions 
according to modem ideas of classification and are given names 
ending with the suffix ^^phyta/' It is perhaps more scientific to 
consider these as independent divisions, but they can be regarded 
as subdivisions of the ThaUophyta. 
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Classes* Divisions are subdivided into cldsses. Thus, the divi- 
sion Spermatophyta is composed of the classes Gymmspermae and 
Angiospermae, which are separated by prominent characteristics. 
The angiosperms are the flowering plants and have their seeds 
enclosed in ovaries. The gymnosperms include the cycads and 
conifers ; they lack true flowers, and their ovules and seed are not 
enclosed in ovaries, but are said to be naked. In many gjmino- 
sperms, as in the pine, the seeds are borne in cones. At the time of 
pollination the scales of the pine cone are separated so that the 
pollen may reach the ovules. After pollination the scales close to- 
gether, to open again when the seeds are mature. However, this 
is very different from the enclosure of the ovules and seed in an 
ovary as in angiosperms. 

Orders and families. Classes are in turn divided into orders, the 
names of which end in ales. Thus, the roses belong to the order 
Rosales, Orders are further divided into families y the names of 
which usually end in oeeae, as Rosaceae, the rose family. 

In a few cases the family name does not end in aceae, the name 
of the palm family being Palmae, 

Families are composed of genera^ and these, in turn, of species^ 
the latter being the individual kinds of plants. Species are desig- 
nated by the use of both the generic and specific names, the generic 
being given first and the specific after it. This has been discussed 
in Chapter I. 

Influence of fossil botany. The classification of plants was 
originally based on living forms. However, a study of the plants 
of past geological ages has given a great deal of information on the 
subject. Large groups which were formerly dominant have dimin- 
ish^ in importance until they are represented by a few small 
forms; other large groups, which throw much light on the rela- 
tionship of living plants, have disappeared completely. Therefore 
some knowledge of fossil plants is necessary for an understanding 
of the classification of plants. For this reason we will discuss 
briefly the nature of fossils and the sequence of geological ages 
before considering the different divisions and classes of plants. 

Nature of fossils. A fossil may be defined as any impression, 
remains, or trace of a plant or animal of a past geological age. The 
most important types are impressions and petrified structures. 
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We are all familiar with the impressions made by leaves in mud. 
Plants and animals are frequently buried and leave impressions. If 
these impressions remain after the material in which they are made 
is turned to rock, the result is a fossil. Again, plants may be enclosed 
by incrustations of silica or lime from the water of hot springs. 
The impressions (Figs. 406, 407) give us much information concern- 
ing the form and shape of organisms or organs, but usually nothing 

of their internal structure. 

Among the most instruc- 
tive fossils are those produced 
by petrifaction. In such cases 
the plant or animal material 
has decayed slowly in water 
in which a large amount of 
silica, lime, or other mineral 
matter was dissolved, and the 
organic matter has been re- 
placed by the mineral in solu- 
tion. It has often been found 
possible to study the micro- 
scopic structure of these fossils 
in great detail. 

In addition to the above 
classes of fossils we sometimes 
find the original material of 
organisms preserved. Rarely 
a complete structure, such as 
a leaf, may be removed from 
the enclosing rock. Even when the material is in a carbonized 
condition it may afford valuable information. 

Formation of fossils. The rocks of the earth's surface are 
divided into two classes, according to their origin : igneous and 
sedimentary. Igneous rocks are pnKluced as the result of heat, 
and do not contain fossils. Sedimentary rocks are formed by the 
transportation of small rock particles and their subsequent depo- 
sition in another place, or they are the result of precipitation 
from solution, or of secretion by organisms, as in the case of lime- 
stones. Sedimentary rocks are the ones that yield fossils. 
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It is a common observation that most dead plants and animals 
are quickly destroyed by decay. They are not likely to be fossilized 
unless they are rather quickly covered by some protecting material. 
Also, oxygen must be largely excluded, as decay is dependent on 
oxidation. Such favorable conditions are most usual in lakes, seas, 
or marshes. Organisms with hard parts are much more likely to be 
fossilized than are those without them ; for this reason the very 
primitive and soft plants 
and animals are rarely 
fossilized. 

Age of fossils. In the 

formation of sedimentary 
rocks the oldest naturally 
occur at the bottom of the 
series and the youngest at 
the top. The most ancient 
fossils will be found in the 
oldest rocks, while the 
most recent fossils will be 
in the youngest rocks. In 
the past history of the 
earth, areas that were un- 
der the sea have risen and 
become dry land (Fig. 408), 
while some of the areas 
that were formerly dry 
land are now under the 
sea. Owing to erosion and the washing of materials from the land 
into the sea (Fig. 409) there is a general tendency for the surface 
of the dry land to be washed away, while that under the sea is 
built up by the accumulation of deposited material. In this way 
rocks are built up while the land is submerged, and are worn away 
when the land is exposed. 

Sometimes the same land has been elevated above the sea more 
than once. While the land is submerged, layers of rock are formed. 
When the land is exposed as the result of elevation, the rock begins 
to be eroded, and if the area is exposed for a long period it may be 
removed to a considerable depth. If such an area is again sub- 
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merged, its surface will be covered by new layers of rock. There 
will be a great difference in age between the lowest of these new 
layers and the old layer on which it is deposited. This is due to the 
fact that during the time when the area was exposed no new layers 
were formed, and much of the former rock, ordinarily of its newest 
part, was removed. Owing to such occurrences as that just out- 
lined, large gaps frequently occur in the geological records in a 



Fic. 408. Cliff more than a thousand feet high composed of alternately bedded 
sandstone and shales (Mountain Province, Philippine Islands) 

Photograph by Dr. H. Otley Beyer 


given series of rocks. By piecing together the geological records 
from various parts of the earth, however, it is possible to get much 
information concerning the relative ages of different rock strata. 

Incompleteness of fossil records. While fossils have been 
formed in various ways, the great majority of them originated 
under water, and the discovery of most of them has been due to the 
emergence of land that was formerly submerged. When such 
fossils are discovered it is usually owing to a combination of favor- 
able circumstances. Fossils that are formed in deep seas are 
rarely seen, as such areas are not often elevated sufficiently to be- 
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come dry land. When areas of fossil-bearing rocks are exposed to 
erosion, the fossils are uncovered, and in this way many fossils are 
brought to the attention of man ; but those that were exposed in 
this manner in past ages have been destroyed, and so a great deal 
of the fossil record has been lost. Fossils have also been destroyed 
by being dissolved from rocks, by being subjected to great pressure, 
and by various other means. As was previously stated, the soft 



Fic. 409. Erosion on a mountainstde (Taal Volcano, Philippine Islands) 


parts of organisms are rarely fossilized. Owing to the above- 
mentioned facts and for other reasons, the fossil record is not as 
complete as we should like to have it ; moreover, the study of such 
fossils as can be found is very far from complete ; yet, in spite of 
its imperfections, the fossil record has given us considerable knowl- 
edge of the past history of floras and faunas. 

Eras and periods. Geological time is divided into five eras: 
the Archeozoic, Proterozoic, Paleozoic, Mesozoic, and Cenozoic. 
These eras are subdivided into periods. 

According to the best estimates geological time has lasted at 
least 2,000,000,000 years. About 500,000,000 years have elapsed 
since the dawn of the Paleozoic era. 
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In Fig. 410 the different eras and the periods of the more recent 
eras are shown in tabulated form, also the dominant plants and 
animals of the different ages. Several of these periods are sub- 
divided into two periods by many geologists. 

The most accurate method of estimating the age of the earth is based 
on the fact that the radioactive elements uranium and thorium disinte- 
grate spontaneously, forming lead, at constant rates which can be deter- 
mined. The age of a uranium mineral can therefore be calculated from the 
proportions of uranium and lead it contains. In actual practice there are 
various complications which must be taken into account ; in fact, con- 
ditions for accurate determinations of age are so exacting that only a few 
have been made. As estimated by tliis method, one ore has an age of more 
than 1,800,000,000 years. This ore is in dikes that are intruded into older 
rocks, and so it may be concluded that the age of the earth is at least 
2,000,000,000 years. The age of a mineral accurately dated as l>elonging 
to the latest Cambrian has been determined as 450,0(X),(X)0 years, and 
from this evidence it has been estimated that the Paleozoic era began 
about 500,000,000 years ago. 

A great deal about the relative and something of the actual lengths of 
ages and periods can be calculated from the thickness of sedimentary rocks 
formed during them. Recent figures obtained in this way agree with 
those calculated from radioactive disintegration, and so we can estimate 
the duration of various ages. However, so much information is lacking 
that it may be a long time before these estimates are very exact. 

History as told by fossils. The fossil record shows that in animals 
there has been a development from the simple to the complex, and 
that mammals appeared late in geological history. In popular lan- 
guage certain successive geological times are often called the Age of 
Invertebrates, the Age of Fishes, the Age of Amphibians, the Age of 
Reptiles, and the Age of Mammals. The great groups of animals 
appeared in the above order and w’ere dominant in the ages which 
bear their names. Most animals of the earlier ages, such as gigan- 
tic amphibians and reptiles and the birdlike reptiles, have disap- 
peared ; many of them have left no descendants or close relatives. 

Incomplete as a fossil record is, it leaves no doubt that the 
plants and animals of one age were derived from those of a previous 
age by gradual changes, and that the accumulation of these changes 
through the long periods of geological time has resulted in an evo- 
lution from very simple ancestors to complex organisms. 
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Fic. 410. Geological ages and periods 



370 The Plant Kingdom 

The earliest known plants had very simple structures ; age by 
age, more and more complex forms made their appearance (Fig. 
410). The only plants of which there is anything like good evidence 
before the Paleozoic age are the bacteria and blue-green algae, 
and these are the two simplest classes of plants. True algae are 
the highest types found in the earlier Paleozoic rocks. The most 
ancient known representatives of the land plants are very primitive 
pteridophytes from the Devonian period. During the succeeding 
Carboniferous period there was a great diversity of pteridophytes, 
some of which were large, complex, and dominant trees. The 
first known seed plants are from late Devonian times. They be- 
longed to the most primitive class of gymnosperms, the seed-fems. 
This group became extinct in the Mesozoic age. Angiosperms are 
not known earlier than the Cretaceous, the last period of the 
Mesozoic age. During this period they rose to dominance, and 
they have retained this position since that time. 



CHAPTER XVII 


- BACTERIA 
STRUCTURE 

General characteristics. The bacteria are exceedingly minute 
and very simple organisms. Most of them are essentially single 
unbranched cells (Figs. 411, 412), although many adhere together 
in small groups or chains (Figs. 411), a few have branched cells 
(Fig. 417), while some are characterized by occurring as filaments 
(rows of cells). Even when bacteria are held together in groups or 
chains, each individual cell carries on its own life processes inde- 
pendently of the others ; there is no division of labor. The un- 
branched single-celled bacteria have the general shape of balls 
(cocc%i8 forms), rods {bacillus forms), or curved cells (spirillum 
forms) (Fig. 411). 

Size. The size of microscopic objects is usually measured in terms of 
microns, which are denoted by the Greek letter /x ; the name of the letter 
is ”mu." A M is a unit of length, .001 of a millimeter. Most bacillus 
forms are l^etween 1.5 and 10 fi in length. Perhaps an average size vrould 
be about 2 p in length and .5 M in diameter. Coccus forms are usually 
about .5 or .6 m in diameter. . 

If we assume a rod-shaf)ed bacillus to have the shape of a cylinder, its 
volume can be calculated by the formula Trr^ x length. The calculated 
volume of a bacillus .5 X 2 m is .000,000,000,393 cu. mm. Assuming the spe- 
cific gravity of the bacillus to be 1.04, it would weigh .000,000,000,408 mg. 

Number of bacteria. Although we do not see the bacteria, they 
are present all around us. They float in the air to great elevations, 
occur on the surfaces of almost all objects, and are very abundant 
in water and soil. They are numerous on our skin and occur in 
enormous numbers in our mouths and intestinal tracts. The num- 
ber of bacteria in various natural situations is very great. They 
may occur by the thousands in a cubic centimeter of water or milk. 
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Fic. 411. Various forms of barteria 


First line, at the left, coccus forms; at the right, ba(!illus forms; second and 
third lines, bacillus forms; fourth line, spirillum forms 



Fig. 412. Various types of bacteria 

Among those which cause serious diseases are B, anthrax ; E, boils ; Fit typhoid 
fever; AT, cholera; Q, tuberculosis ; B, leprosy; B, diphtheria ; 7, meningitis ; 
17, pneumonia ; V, dysentery ; X, tetanus 
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Normal soils with a good percentage of organic matter contain^ on 
the average, from two million to two hundred million bacteria per 
gram. Heavily manured soils may contain more, poor soils less. 
Manure and sewerage may contain a great many more. 

Cell structure. The bacteria are small masses of protoplasm 
without chlorophyll, surrounded by cell walls. The bacteria do not 
possess nuclei such as are found in higher plants, but many of them 
contain granules which have staining properties resembling those of 
chromatin (Fig. 413). 

In many cases these 
granules are scattered 
throughout the cell, 
while single spherical, 
spiral, or zigzag struc- 
tures have been de- 
scribed in some bacte- 
ria. The question as to 
whether or not the bac- 
teria have nuclei seems 
to depend largely on 
the definition given for 
a nucleus. If the term 
nucleus is confined to 
those highly organized 
nuclei which divide mi- 
totically, then the bac- 
teria do not appear to have nuclei. If, on the other hand, granules 
which have staining properties resembling those of chromatin may 
be regarded as nuclei, some bacteria possess such structures. Cer- 
tainly the bacteria do not seem to possess anything that resembles 
a typical nucleus. 

A few of the cocci and many of the bacilli and spirilla have very 
small, delicate, threadlike processes known as flagella (Figs. 411, 
412). The movements of these flagella give the bacteria the power 
of locomotion. 

The small size of the bacteria makes their structure difficult to 
observe, and the flagella are so minute and delicate that there is 
still considerable debate as to the presence or absence of flagella 



Fic. 413. Internal structure of bacteria 
Re<lrawn after D()l>ell 
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in many common bacteria. Naturally it is difficult to study their 
nature. They are thought to be extensions of the protoplasm 
through the cell wall. 

The cell wall is a delicate membrane which cannot be seen in bacteria 
in their natural state. It may be made visible by plasmolyzing the cell so 
as to separate the cell wall from the protoplasm. It is difficult to demon- 
strate the presence of the cell wall by staining, as it and the protoplasm 
are colored by the same aniline dyes. This similarity in staining reaction 
indicates a similarity in composition which is not found in higher plants. 
The chemical nature of the wall is a debated question. In some bacteria it 
is reported as showing a blue color when treated with chloride of zinc. 
This reaction is often used as a test for the presence of cellulose or 
hemicellulose. The presence of cellulose has been rejwrted by several 
observers, while others have failed to find it. In some bacteria the prin- 
cipal chemical elements found in the wall occur in about the sa ne pro- 
portions as in chitin, thus suggesting a relation to chitin. Apparently the 
composition is not the same in all bacteria, and the whole question needs 
further investigation. 

Capsules. In addition to a thin layer of cell wall surrounding the 
protoplasm, there is in some bacteria an external covering or capsule of 
slime which is derived, at least in some cases, from the external layer of the 
cell wall. In certain forms this is relatively thick in comparison with the 
size of the cell. In some species the capsule may or may not be present, 
depending upon the conditions under which the bacteria are growing. 
The capsules are useful in identifying some bacteria. 

CeU inclusions. Some bacteria are distinguished by the presence of 
characteristic inclusions. Bodies known as metachromatic granules are 
common in large bacteria. In bacillus types they often occur as large 
” polar bodies” ; in this form they are prominent in the diphtheria bacil- 
lus. Their presence and arrangement is often used in the identification of 
bacteria. 

” Acid-fast particles ” are characteristic of certain bacteria and afford 
a convenient method of distinguishing them. Among such bacteria are 
the tuberculosis and leprosy bacilli. The acid-fast particles are difficult to 
stain with aniline dyes, and after being stained they resist the decolorizing 
action of acids, from which fact they get their name. Bacteria which are 
characterized by the presence of these particles are known as acid-fast 
bacteria. 

Glycogen and fat are found in some bacteria ; granules of sulfur are 
found in sulfur bacteria. 
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REPRODUCTION 

Muitiplicatioii. No sexual reproduction is known among bac- 
teria. They multiply by the simple process of division. A con- 
striction appears around the middle of the cell, and the protoplasm 
is divided into two parts by an ingrowing cell wall. Bacillus and 
spirillum forms divide across the middle of the cells at right angles 
to their long axis. After division, the daughter cells grow in length 
until they reach mature size. If the daughter cells do not separate 
immediately, chains of varying length may be formed. Coccus 
forms assume an ellipsoidal figure before dividing ; the daughter 
cells are at first flattened against each other, and then round out as 
they separate. 

Various coccus forms divide in either one, two, or three planes. 
Those that divide in only one plane (Streptococcus) may hang to- 
gether to form chains ; those which divide in two planes (Piano- 
coccus) produce flat plates ; those which divide in three planes and 
remain together (Sarcina) produce cubical bales or packets. Divi- 
sion in three planes irregularly placed with reference to each other 
(Staphylococcus) produces irregular groups. Coccus forms char- 
acterized by occurring in pairs are known as diplococci (Fig. 411). 

Rate of muUiplicoiion, The rate of multiplication varies both with 
the species and with the environment. Under favorable conditions some 
bacteria may reach maturity and divide in twenty minutes, others in 
half an hour. If the latter rate were maintained, the descendants of a 
single bacterium would be 4 in an hour, 256 in four hours, and about 
281,475,000,000,000 in twenty-four hours. If sucli bacteria were .5 M in 
diameter and 2 pin length, they would still weigh less than 115 grams at 
the end of this first twenty-four hours, but at the end of another twenty- 
four hours they would have a W’eight of more than 32 trillion tons. Of 
course no such multiplication ever takes place in nature, as the food sup- 
ply would quickly become exhausted and conditions would rapidly be- 
come unfavorable in other respects. Such figures as those given above are 
not worth remembering ; but they serve to emphasize the small size of the 
bacteria and the rapidity with which they may increase. They also ex- 
plain why it is that processes which are due to bacterial action, such as 
souring of milk and decay, may go unnoticed for some time and then seem 
to take place very quickly, the bacteria being comparatively few at first 
and later becoming exceedingly numerous. 
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Spores. Some of the bacilli and a few of the spirilla form spores. 
Spores are defined as single-celled reproductive structures. Those 
of the bacteria are called endospores because they are formed within 
a cell (Pig. 414). The spore is first seen as a minute spot more 
refractile than the remainder of the protoplasm. This grows and 
assumes a position characteristic of the species ; that is, terminal, 
central, etc. The spore becomes surrounded by a thick membrane. 



Fic. 414. Spore formation and germination in Bacillus esterificans 

A, the swarming stage; B, C, D, progressive stages in endnspore formation; 
E, spores after the disintegration of the remainder of the bacterium ; F, the 
germination of stmres. (After Hiiss) 

and the part of the bacterium exterior to it disintegrates and dis- 
appears. The endospores are very resistant to adverse conditions 
such as dryness or extreme temperature. The spores of the an- 
thrax bacillus have been found to be alive and capable of growing 
after a lapse of seventeen years, and those of tetanus bacillus after 
eleven years. When placed under favorable conditions, a spore 
changes back to an ordinary bacterium. Usually the spore en- 
larges, some part of the wall dissolves, and the contents emerge as 
a single bacterium. The importance of spores, from the standpoint 
of the bacteria, seems to lie in the fact that they enable the bacteria 
to survive under adverse conditions. As a bacterium forms a single 
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spore and this again gives rise to a single bacterium^ spore forma- 
tion does not result in multiplication, but in survival under adverse 
conditions. 

The success obtained in pasteurization of milk by heating it at 
65® C. for twenty minutes is due, to a considerable extent, to the 
fact that the bacteria responsible for intestinal diseases do not 
form spores. 

A few bacteria which are responsible for human diseases produce 
s{x>res, as the tetanus organism, which is widespread and responsible for 
fatal infections in wounds, particularly deep ones ; Clostridium {Bacillus) 
ivelchiif which is a frequent cause of gangrene in wounds; Bacillus an- 
thracis, the causal agent of anthrax, primarily a disease of animals but 
relatively common in men who handle animals ; and Clostridium (Bacillus) 
botidinum, which does not infect man but produces a toxin which may be 
present in foods under certain conditions. 

Changes in form. The same species of bacteria may show dif- 
ferent forms under different conditions. Thus, the nitrogen-fixing 
bacteria in the roots of legumes may change from rods to oval 
swarmers and to irregularly shaped and branching vacuolated 
bodies. The tubercle bacillus is ordinarily a short rod but may be a 
long, branched filament. Various bacteria have been made to 
assume such minute forms that they pass through very fine filters 
that hold back the better-known coccus, bacillus, and spirillum 
forms. The changes are not from one species to another, but 
simply variations within the same species. 

NUTRITION OF BACTERIA 

Nutrition of bacteria. Green plants are very uniform in their 
methods of nutrition and of obtaining energy. They store energy 
through photosynthesis and release it by means of respiration. The 
condition in the bacteria is very different, as among them we find 
very diversified methods of obtaining energy. According to their 
methods of life, bacteria may be divided into autotrophic and hetero- 
trophic species. Autotrophic bacteria are those which can obtain 
carbon from the carbon dioxide of the air and their energy from 
the oxidation of inorganic compounds. Heterotrophic bacteria 
require a supply of organic matter as a source of both carbon and 



378 


The Plant Kingdom 

energy. Some of the autotrophic bacteria can live heterotrophi- 
cally. There are many different types of autotrophic bacteria, and 
different groups oxidize different substances, among which are 
sulfur, hydrogen sulfide, ammonia, nitrites, and hydrogen. Other 
bacteria oxidize iron and manganese compounds, reactions which 
have usually been regarded as sources of energy, 
but the significance of which is still in dispute. 

Autotrophic bacteria. The nutrition of the auto- 
trophic bacteria is strikingly different from that 
of all other known living organisms. Green plants 
obtain energy from sunlight and store it in the 
products of photosynthesis. When energy is re- 
quired for the life activities of these plants, this 
stored energy is released by respiration, which is 
the oxidation of organic compounds that had their 
origin in the process of photosynthesis. Animals 
also obtain energy for their life activities by the 
release, through respiration, of energy stored by 
plants in the products of photosynthesis. The 
Fic. 415. Beg- energy used by both plants and animals is, there- 
giatoa dbay a fore, the energy of sunlight which is stored by 

sulfur bactc- plants in photosynthesis. Both saprophytic and 

parasitic plants resemble animals in that they 
energy by the oxidation of organic com- 
with’four en- pounds that had their origin not in themselves 
dosporesanda but in green plants. The autotrophic bacteria differ 
from any of the foregoing classes of organisms in 
that they can obtain energy by the oxidation of 
inorganic substances existing in nature. It seems very improbable 
that the first living organisms possessed chlorophyll and obtained 
their source of energy through such an elaborate process as photo- 
synthesis. The autotrophic bacteria suggest a way in which organ- 
isms might have obtained energy before the evolution of either 
chlorophyll or photosynthesis. 

Sulfur bacteria. A number of different morphological and 
ph3r8iological t3rpes are found among the sulfur bi^teria. However, 
they are all alike in that they obtain energy from the oxidation of 
sulfur or its compounds, hydrogen sulfide or thiosulfates. Some 
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of them are filamentous forms (Fig. 415), others are separate cells. 
Borne get their energy primarily from the oxidation of elementary 
sulfur, others from hydrogen sulfide. 

One group of filamentous forms, including the genera Beggiatoa (Fig. 
415) and Thiothrix, oxidiiies hydrogen sulfide and accumulates granules of 
sulfur within the cells. These granules take the place of starch in higher 
plants as a stored source of energy. If deprived of hydrogen sulfide, the 
bacteria oxidize the stored sulfur ; after this is exhausted, they die. The 
sulfuric acid formed as a result of the oxidation of the sulfur is neutralized 
by calcium carbonate or bicarbonate present in the water. The energy 
obtained from the oxidation is utilized for the assimilation of carbon 
dioxide. For every gram of carbon synthetized, about 8 to 19 grams of 
sulfur are consumed. 

A large heterogeneous group of bacteria which do not form filaments 
also oxidizes hydrogen sulfide and accumulates granules of sulfur within 
the cells. Another group oxidizes hydrogen sulfide and thiosulfate vdth 
the production of sulfur not within hut outside their cells. A group of 
minute non-filamentous forms oxidizes elementary sulfur with the forma- 
tion of sulfuric acid. 

A very interesting group of sulfur bacteria, known as the purple bac- 
teria, contains a red pigment (bacteriopurpurin) and a green pigment 
(bacteriochlorin). The red pigment absorbs light from the red end of the 
spectrum. Wliile the physiologj^ of these bacteria is not w'ell understood 
and important points are in (luestion, it is generally believed that they 
have some sort of photosynthetical process, although they may not be 
able to make extensive use of it. These bacteria may show' an indication 
of the beginning of some such j)hotosynthetical process as is found in green 
plants. 

Nitrite and nitrate bacteria. A large amount of ammonia is 
produced by the decay of animal and plant materials, ammonia 
being the chief nitrogenous end-product of their decomposition. 
A group of organisms known as nitrite bacteria obtain energy for 
the synthesis of carbon from the oxidation of ammonia with the 
production of nitrites. Another bacterium obtains energy through 
the oxidation of nitrites to produce nitrates. The nitrite and 
nitrate bacteria are not only interesting on account of their method 
of obtaining energy, but are exceedingly important for soil fertility 
in that they conserve the nitrogen of decaying organic material and 
convert it into the form in which it is most usually absorbed by 
higher plants. They are present in all soils except very acid ones. 
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The commonest nitrite bacteria belong to the genus NitrosamonaSj of 
which there appear to be various forms in different parts of the world. 
Nitrosomonas is oblong or rounded, and, when motile, has a single fla- 
gellum. The other genus of nitrite bacteria is Nitrosococcus, which is a 
non-motile coccus form. The nitrate bacterium is Nitrc^xicterj a non- 
motile rod-shaped bacterium. 

Bacteria oxidizing iron. The nitrifying bacteria are strictly 
autotrophic. Some of the sulfur bacteria can utilize organic com- 
pounds. This is still truer of the iron bacteria ; while there is much 
difference of opinion as to the physiolog}" of the group, it appears 
that some can oxidize ferrous to ferric iron and use the energy thus 
set loose for the assimilation of carbon. 

Probably some {Spirophyllum) cannot live with- 
out ferrous bicarbonate, while others {Lcptothrix) 
can live without it, or, if it is present, can utilize 
it. Still other bacteria accumulate iron by purely 
mechanical means and are not true iron bacteria. 
Some iron bacteria (Leptothrix but not SpirophyU 
him) can utilize manganese bicarbonate in place 
of ferrous bicarbonate. 

Bacteria oxidizing other substances. One 

bacterium (Micrococcus selerticus) can obtain en- 
crg>' by the oxidation of selenium com|H)UiKls, a 
number can oxidize hydrogen to water, others 
oxidize methane, while stmie other hydrocarbons 
and also carbon monoxide can be utilized by cer- 
tain bacteria. 

Heterotrophic bacteria. Bacteria which can utilize carbon only 
when it is in the form of organic compounds are said to be hetero- 
trophic. Such bacteria are necessarily dependent on other organ- 
isms for the production of organic carbon compounds. Hetero- 
trophic bacteria, therefore, are either parasitic, obtaining their 
carbon from living organisms, or saprophytic, getting carbon from 
the dead remains or the dead products of living organisms. 

Nitrogen-fixing bacteria. These bacteria are heterotrophic, and 
so need carbon in organic form. They can ordinarily, however, 
obtain the nitrogen they need from the uncombined nitrogen of the 
atmosphere, while most plants require nitrogen in the form of com- 



Fig. 416. Gallionella 
ferrugineOj an iron 
bacteriam 

After Migula 
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pounds. Among the nitrogen-fixing bacteria there are a number of 
widespread forms that live free in soil, and a type that occurs in 
nodules on higher plants, chiefly on the roots of legumes, such as 
beans, peas, clover, and alfalfa. These bacteria are exceedingly 
important from the standpoint of soil fertility, as they may supply 
large amounts of nitrogen to the soil. Nitrogen is essential for the 
building of proteins, and it is the element in which soils are most 
likely to be lacking. Some combined nitrogen is added to the soil 
as the result of electrical discharges in the atmosphere, but the 
amount is very small as compared with that resulting from the 
activities of nitrogen-fixing bacteria. Before the action of nitrogen- 
fixing bacteria \vas known, some scientists thought that the ex- 
haustion of the supply of combined nitrogen would result in the 
end of civilization. The activity of the bacteria in the nodules on 
the roots of legumes explains the value of legumes in enriching the 
soil. 

Free-living nitrogen-fixing bacteria. Nitrogen fixation is due to both 
anaerobic and aerobic bacteria. The first can grow in the absence of 
oxygen, and in some cases cannot grow if more than a very small amount 
is present ; the latter require oxygen. The best-known anaerobic nitrogen- 
fixing form is BacHlus (Closiridiutn) amylobacter. The most important 
aerobic ones belong to the genus Azotobactery w'hich is rod-shaped and 
flagellated. The fixation of nitrogen requires energy. This is furnished 
by organic carbon com{)ounds which are oxidized by the nitrogen-fixing 
bacteria. The fixation of nitrogen may be increased wdien Azotobaeter is 
associated with certain other Imcteria. Thus, bacteria wdiich act on cellu- 
lose may furnish carbohydrate material whicli Azotobacter can utilize as a 
source of energy for the fixation of nitrogen. Again, there may be a sort 
of symbiosis with an anaerobic form such as Bacilltis amylobacter ; Azoto- 
bacter uses up the oxygen and makes conditions favorable for the anaerobic 
fonn, and this in turn produces organic acids w^hich, after being neutralized 
in the soil, can be utilized by Azotobacter. Various other complexities 
occur. In general, nitrogen-fixation is most rapid in light, well-aerated 
soils supplied with enough humus to furnish a sufficient source of energy. 

Symbiotic nitrogen-fixing bacteria. The invasion of the roots 
of legumes by Bacillus radicicola (Fig. 417) results in the formation 
of nodules on the roots (Fig, 384). BaciUits radicicola multiplies 
in these and fixes atmospheric nitrogen, apparently in greater, 
quantities than are required by the bacteria ; at least the legumi- 
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nous plants with bacterial nodules contain more nitrogen, and in 
general are more flourishing, than the same kinds of plants without 
nodules. When the legumes die and they with the nodules are de- 
composed, nitrogen is added to the soil. Owing to these facts, soils 
may be enriched with nitrogen by the growing of leguminous crops. 
For this reason it is often desirable to alternate non-leguminous and 

leguminous crops, so that the 
fixation of nitrogen by the bac- 
teria in the roots of the legumes 
may make up, at least in part, 
for the nitrogen removed by 
the non-leguminous crop. 

The bacteria come in contact 
with a root hair and form small 
clumps, the part of the wall of 
the hair in contact with the 
bacteria softens, and the bac- 
teria then enter the hair. They 
multiply rapidly and, in the 
form of threads or strands, advance through cells and walls. In 
older nodules they become arranged as slimy masses around the 
vacuoles of the cells. 
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Fig. 417. Bacillus radicicola from 
various plants 

After Buchanan 


Bacillus radicicola occurs in several forms, including normal rods, oval 
swarmers, and irregular-shaped and branching vacuolated bodies (hoc- 
teroids). In young nodules the rods and o\ti1 forms predominate, while in 
old decomposing nodules there are mostly extremely vacuolated, branched 
forms. 

Strains of Bacillus radicicola. Some strains of Bacillus radicicola have 
flagella all around them, while in others they are found only at one end. 

Experiments indicate that there are also a number of strains which 
differ from each other physiologically although they cannot be distin- 
guished morphologically. Thus, a bacterium isolated frf)m one leguminous 
species will cause the production of nodules only on other plants of that 
species or of that species and certain others. As a number of such physio- 
logical strains have been isolated, it is apparent that it is necessary to use 
the right strain in order to produce nodules on a given legume. 

Denitrification. Some bacteria reduce nitrates with the production of 
nitrogen gas, which escapes into the air. For this reduction most of the 
denitrifying bacteria utilize organic carbon compounds as a source of 
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energy. For rapid denitrification, these bacteria, which are anaerobic, 
require the complete or almost complete absence of oxygen, and a con- 
siderable supply of carbohydrates and nitrates. Such conditions are 
found in heavy soils saturated with water and rich in humus. 

Decay bacteria. The remains of plants and animals do not de- 
cay by themselves, but are destroyed by the action of other organ- 
isms ; and in this process bacteria play a most important part. We 
know that fruit and meat decay very rapidly if no care is taken to 
prevent this process. That the decay is not due to anything in- 
herent in the substances themselves is shown by the process of can- 
ning, as when we sterilize milk, meat, or fruit by heat and then seal 
them in cans. The reason that these substances do not decay under 
such conditions is that by heating we kill all the living organisms 
that would destroy them, while by sealing we prevent the access 
of other organisms. Decay can also be prevented by the use of 
poisons which make the life activities of organisms impossible. Use 
is made of this fact in treating timber with creosote or other poison- 
ous substances, the wood being preserved so long as sufficient 
poison is present. In fact, any set of conditions which prevents the 
growth of living organisms serves to preserve organic matter. The 
keeping qualities of foods preserved in concentrated sugar or salt 
are due to the high osmotic pressure, which tends to result in the 
plasmolysis of the cells of bacteria or molds which might cause the 
spoilage of the food. 

In the destruction of organic matter a great variety of organ- 
isms take part. They include all animals, as well as the hetero- 
trophic bacteria, fungi, and other saprophytic and parasitic plants. 
That part of the destruction which we usually regard as decay is 
due largely to bacteria and fungi, bacteria playing a most impor- 
tant part. 

Importance of decomposition. Decay of dead organic material 
is very necessary for the continuance of life. In the growth of green 
plants and of animals, large quantities of important chemical ele- 
ments are stored up in organic compounds. When plants or ani- 
mals die, the elements in these organic compounds are not immedi- 
ately available to green plants but must first be reduced to simple 
inorganic compounds. In causing the decay of organic remains and 
thus returning the elements to the soil in a form in which they are 
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available to higher plants, the bacteria perform a very useful 
function. If it were not for the action of organisms which cause 
decay, it is reasonable to suppose that the earth would be deeply 
covered by the products of the life activities of the higher organ- 
isms, and in these products would be stored carbon and nitrogen 
necessary for the growth of living things. 

When bacteria cause the decay of substances such as wood or 
food which man desires to preserve, they are regarded as injurious. 
It should be noted, however, that in causing decay the bacteria 
perform a function that is naturally very useful. 

Process of decomposition. Decay is not due to any one bac- 
terium but to a great number. The breaking down of complex 
compounds takes place in successive stages, and different types of 
compounds are acted on by different series of bacteria. Among the 
most important of the series of decay bacteria are those which act 
on cellulose and return the carbon to the air in the form of carbon 
dioxide, and those which utilize protein and its decomposition 
products with the ultimate production of ammonia, which is con- 
verted by nitrifying bacteria (nitrite and nitrate) into nitrates that 
are available to green plants. 

Decomposition of cellulose by soil bacteria. A short description of 
the deconifKxsition of cellulo.se will serve b) give an idea of decomposition 
in genera). A variety of different bacteria act on cellulose in the soil, the 
series of bacteria varying with environmental conditions. This decom- 
po.sition is bnmght about by enzymes ju.st as is otlicr organic decomjMJsi- 
tion and dige.stion in general. The enzymes are secreted or excreted by the 
bacteria. Under favorable conditions the cellulose is hydrolyzed to the 
disaccharide cellobiose by the enzyme cellulase. The enzyme cellobiase 
then changes the cellobiose to glucose. Thi.s is decom|x)sed by a variety 
of organisms to form varif)us organic acid.s, which in turn are broken down 
to form carbon dioxide and water. 

The initiation of the digestion of cellulose in the alimentary canal of 
herbivorous animals is due to the activity of bacteria. The herbivorous 
animals are like human beings in that in themselves they cannot digest 
cellulose. Enzymes excreterl by the bacteria, however, change the cellu- 
lose to sugars which can be digested by the animals. 

Decomposition of cellulose and the carbon cycle. The carbon 
which plants absorb from the air in the form of carbon dioxide, 
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and assimilate through photosynthesis, is stored in various organic 
compounds ; to a considerable extent, in cellulose. Bacteria which 
break down cellulose and other organic compounds with the pro- 
duction of carbon dioxide return some carbon to the air. The 
plants and the bacteria produce what we may think of as a carbon 
cycle, the plants building up the carbon into complex compounds, 
and the bacteria returning it again to the atmosphere in the form 
of carbon dioxide. The bacteria are, of course, not the only agents 
which return carbon to the atmosphere. Green plants themselves 
through respiration do so. All animals and all parasitic and sap- 
rophytic plants do the same. Carbon dioxide is also produced by 
the burning of organic compounds. Thus, in the carbon cycle, the 
carbon which is assimilated by green plants may be returned to the 
atmosphere by various agents. The atom of carbon may easily 
take part in the metabolism of various organisms before it finally 
reaches the air again, as it may pass from plants through various 
animals and finally be made into carbon dioxide by bacteria. 

Decomposition of proteins and the nitrogen cycle. There are 
many proteins, and they are decomposed by a large number of 
bacteria, some of which act on the proteins while others only utilize 
the decomposition products. The ultimate result is the production 
of ammonia, which is converted first to nitrites and then to nitrates 
by the nitrifying bacteria. The nitrogen is then in its most suitable 
form for use by green plants, by which it is employed in the syn- 
thesis of proteins. The nitrogen of organic matter thus goes 
through a cycle which, expressed in very simple terms and without 
complications, is from nitrates to proteins in green plants, to am- 
monia through decomposition of protein, and back to nitrates 
through the activity of the nitrifying bacteria. There are, as we 
have seen, various complications in this cycle. Some nitrogen is 
lost to the atmosphere in the breaking down of proteins and some 
through the activities of denitrifying bacteria, while nitrogen enters 
the cycle by the work of nitrogen-fixing bacteria. As the proteins 
of green plants may be reworked by animals and other organisms a 
number of times, any atom of nitrogen may be present in the pro- 
tein of many different organisms before it fonns a part of a simple 
decomposition product. 
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BACTERIA AND DISEASE 

Pathogenic bacteria. Many bacteria live within the body of an 
animal (that is, in the cavities opening to the exterior and on the 
mucous membranes) without usually doing visible harm. Under 
special conditions, as when the resistance of the host is lowered, 
some of them may become pathogenic. There are, however, nu- 
merous bacteria which are very pathogenic for a particular host or 
group of hosts and which are extremely important as causal agents 
of infectious and contagious diseases. The influence of bacteria in 
causing human disease is so well known that many people think 
of bacteria in this connection only, and neglect the fact, if they 
ever knew it, that bacteria as a class are much more beneficial than 
harmful. 

Causes of diseases. Some infectious diseases, as malaria, may 
be due to small animals ; others, as smallpox, are caused by filter- 
able viruses, which are bodies so small that they cannot be seen 
with a microscope and will pass through the finest filter; still 
others are produced by fungi. However, the majority of commu- 
nicable human diseases are the result of bacterial action. These 
include such well-known scourges as tuberculosis, leprosy, plague, 
cholera, typhoid fever, pneumonia, diphtheria, tetanus, anthrax, 
dysentery, and meningitis. Bacteria are also responsible for many 
diseases of animals. Plant diseases are more largely due to fungi, 
but many are bacterial. 

Infectivity of bacteria. Most of the highly pathogenic bacteria 
naturally infect only one host or a group of more or less closely 
related hosts. It is, however, often possible to infect an animal 
artificially with bacteria which do not naturally attack it. Patho- 
genic bacteria ordinarily live as parasites, but most of them can 
live saprophytically, as is evident by the ease with which they can 
be grown in test tubes on artificial culture media. In some cases it 
has not been possible to grow bacteria thus, but this may only 
mean that the proper conditions for such growth have not been 
found. 

The leprosy bacillus is a good example of a bacillus confined to one 
host. This bacillus occurs naturally only in man. The only artificial in- 
fections in animals were produced in monkeys with difficulty, and healed 
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without treatment. There have been claims that the bacillus has been 
grown on artificial media, but there is no proof that it can be thus grown 
continuously. 

Immunity. A plant or an animal which does not take or cannot 
be given a disease is said to be immune to that disease. Organ- 
isms which produce plant diseases do not grow on animals; so 
animals are immune to such organisms and the diseases which they 
produce. Similarly, man is immune to most animal diseases. Im- 
munity may be due to various factors, some of which are relatively 
simple. It is not surprising that bacteria may be pathogenic for 
warm-blooded animals and not for cold-blooded ones, and vice 
versa. Tetanus does not affect frogs under ordinary conditions, 
but may do so if the temperature is raised artificially. The acidity 
in the dog's stomach is high enough to kill the bacteria that cause 
intestinal diseases in man. The above examples show that patho- 
genic bacteria require suitable conditions for growth. 

The portal of entry of bacteria into the body is important from the 
standpoint of the production of disea.se. The tetanus bacillus is found in 
the intestinal tracts of a considerable pr()iK)rtion of men, and is still more 
prevalent in the intestines of horses and cattle, which seem to be its normal 
habitat. However, it may produce fatal infection if introduced into deep 
wounds of either men, horses, or cattle. Conversely, the typhoid bacillus, 
which is often fatal in the intestinal tract of man, produces only a slight 
and largely local reaction if injected subcutaneously. 

Not only is man immune to most of the bacterial diseases of 
animals, but an individual may have more or less natural or ac- 
quired immunity to a given human disease. At times this immunity 
is sufficient to resist a slight but not a heavy infection. The relative 
immunity of an individual to an organism pathogenic for the race 
is a very complicated subject. Moreover, it is largely" a question of 
the reaction of the animal body. A lengthy discussion would there- 
fore be out of place in a textbook of botany, and so only a very short 
account will be given. 

The destruction of bacteria in the body seems to be due largely 
either to the action of the cells (chiefly white blood cells) which in- 
gest and destroy the bacteria (phagocytosis) or to the bactericidal 
action of the body fluids, most often the fluid part of the blood. 
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This bactericidal action is due to substances known as antibodies, 
which may be naturally or artificially acquired. The term antibody 
is a very inclusive one and embraces a variety of different sub- 
stances. It is used for convenience rather than for exactness. 

Acquired immunity. It is well known that when a person has 
recovered from any one of a number of infectious diseases, he has 
acquired an immunity to that disease. The immunity is due to the 
production by the body of antibodies which react against the causal 
agent of the disease or neutralize its toxin. The amount of anti- 
bodies produced depends on the inciting stimulants of bacterial 
cells or toxins and on the body response. The antibodies remain 
for a short or a long time in the body, thus giving a temporary or a 
permanent immunity. Antibodies can \yo artificially produced by 
the injection into the body of dead bacteria or their toxic products, 
a process which is used extensively in vaccinating against bacterial 
diseases such as typhoid fever and cholera. 

A few bacteria, such as the diphtheria and tetanus bacilli, pro- 
duce violent specific poisons (isxins) in the media in which they 
grow. When these toxins are injected in increasing doses into the 
body of an animal, the tissues are stimulated to produce antibodies, 
known as antitoxins, which can neutralize the toxins which led to 
their production. Antitoxins produced in one animal can be in- 
jected into another to neutralize toxins in the second, as when 
diphtheria antitoxin from the blood serum of a horse that has been 
immunized with diphtheria toxin is used to cure diphtheria in a 
human being. 


BACTERIA IN INDUSTRY 

Bacteria are very important industrially because of their 
destruction of food and other products and the trouble which is 
necessary to prevent damage by them. But some are of value in 
various industries because of chemical changes which they produce. 

Since the days of ancient Egypt, bacteria have been employed, 
even though unconsciously, in the retting of flax, the fiber from 
which linen is made. The flax fiber is the bast fiber in the bark. 
In retting, the plants are either immersed in water or exposed to 
dew and rain, when bacterial fermentation loosens the bsirk from 
the wood, and the fiber from surrounding tissue. 
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Alcohol results from the fermentation of sugar by the yeast 
fungus. Acetio-acid bacteria, of which there are a number of dif- 
ferent species, ferment alcohol with the production of acetic acid. 
The result is vinegar, which is essentially a solution of acetic acid 
plus aromatic and flavoring substances. Natural vinegar is made 
from wine, apple cider, and various other materials. Synthetic 
vinegar is prepared by diluting chemically manufactured acetic 
acid, often with the addition of coloring material. 

Sauerkraut is the result of bacterial fermentation of cabbage. 
The cabbage is sliced and packed in alternate layers with salt. 
This results in the withdrawal of water from the cabbage. The 
fermentation of the juice produces acids, largely lactic acid, which 
prevents the development of putrefying bacteria. Oxygen is ex- 
cluded to prevent the growth of molds and other organisms which 
might destroy the acids. 

The preservation of silage is due to a lactic-acid fermentation 
by bacteria, similar to that in the case of sauerkraut. 

Souring of milk is caused by various lactic-acid bacteria. The 
sour taste of buttermilk is due to lactic acid. Much so-called 
buttermilk is now made by adding bacteria to milk. In the manu- 
facture of butter bacteria play a prominent part, because in the 
ripening of the cream they have great influence on the flavor. In 
much modern practice, desirable lactic-acid bacteria are added to 
the cream to produce a uniform good flavor. The characteristics 
of a number of important types of cheese are connected with 
bacterial action. 


RELATIONSHIP OF BACTERIA 

Bacteria are simple organisms. The question of the place of 
bacteria in the plant kingdom is most interesting. When an or- 
ganism has a simple structure, it is necessary to inquire whether 
the simplicity is due to primitiveness or whether it has resulted 
from the simplification of a more complex structure. There are 
reasons for thinking that bacteria are very ancient and primitive. 

No fossils are definitely recognized from the oldest geological 
era, the Archeozoic, but immense graphite deposits indicate the 
presence of organisms, the remains of which were decomposed by 
the action of bacteria. While there is little evidence as to the exact 
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nature of these organisms, they must have been very primitive. 
Also the presence of bacteria in this era is inferred from the occur- 
rence of iron ore and limestone believed to have been formed by 
bacterial action. There are reasons to believe that in Proterozoic 
times bacteria were present and widespread. Bacteria resembling 
living iron bacteria have been found in connection with iron ores 
of this era. 

Bacteria are ancient. Geological evidence thus indicates that 
bacteria are as ancient as any other known plants, if not more so. 
Of course there may have been more primitive and ancient organ- 
isms of w^hich w’e have no knowledge. The visible structure of 
bacteria is the most primitive of which we know, and this is what 
might be expected in an ancient and primitively simple group. It is 
only among the bacteria that w^e find methods of nutrition that 
could have enabled an organism to live on inorganic materials 
before the evolution of chlorophyll and photosynthesis. The nutri- 
tion of most groups of plants is comparatively uniform, but among 
bacteria there is great diversity. This indicates an ancient stock, 
as this diversity must have necessitated a long evolutionary his- 
tory. Also, considering the simplicity and small size of the bac- 
teria, there is great variety in form of both individuals and colonies. 

Advantage of small size. The small size of bacteria affords a 
very evident advantage; for the smaller the size of a cell, the 
greater, in comparison w ith the bulk of the cell, is the surface avail- 
able for the exchange of materials with the outside. The bacteria 
have retained the advantage afforded by small size, but have de- 
veloped along many diversified lines. This tendency toward 
development in various directions is characteristic of all great 
groups of living organisms. 

Some bacteria of recent origin. While the bacteria as a group 
appear to be very primitive, it does not follow that all individual 
8p>ecies are ancient. Indeed, those that naturally live only in the 
human body would appear to be of relatively recent origin, as 
they have physiological properties which they could hardly have 
acquired before the advent of man or of animals rather closely 
related to him. 



CHAPTER XVIII 


SCHIZOPHYTA 

CYANOPHYCEAE: BLUE-GREEN ALGAE 

General characteristics. The blue-green algae belong with the 
bacteria in the division or subdivision Schizophyta, They resemble 
the bacteria in their method of cell division and in the absence of 
sexual reproduction. They are a most interesting group because 
they are the simplest plants with chlorophyll and they have a cen- 
tral body or incipient nucleus which may be regarded as being in- 
termediate in structure between the nuclei of higher plants and 
the granules staining like chromatin which are found in the bac- 
teria. They consist of single cells, filaments (rows of cells), or 
colonies in which either individual cells or filaments are held to- 
gether in gelatinous masses (Figs. 418-421). Reproduction is 
always, as in the bacteria, asexual, and is most usually due to cell 
division or the fragmentation of colonies or filaments. The popular 
name blue-green algae'' refers to the characteristic blue-green 
color of the great majority of these plants. The color is due to a 
combination of the green pigment chlorophyll and a blue pigment, 
phycocyanin. They also contain the yellow pigments which are 
associated with chlorophyll, while a red pigment is found in many 
of them. In some members of the class various combinations of 
these pigments give them colors which are very different from the 
typical blue-green. Thus the Red Sea has been said to have got its 
name from a floating red one which is occasionally present in such 
quantities as to impart its color to the water. The blue-green algae 
do not have plastids ; the pigment is diffused in the protoplasm, 
usually in the peripheral portion of the cell. The absence of plas- 
tids and the diffused blue-green color serve to distinguish the blue- 
green algae from other plants when viewed under a microscope. 
With the unaided eye they can usually be recognized by the com- 
bination of their blue-green color and slimy appearance. 

391 



392 


The Plant Kingdom 


The gelatinous material so characteristic of most blue-green algae is 
derived from the swelling of the outer parts of the cell walls. Often the 
gelatinous covering of the cells appears to be in layers, which, in some 

colonial forms, makes it possible 




to identify the sheaths of succes- 
sive cell generations (Fig. 419). In 
other cases there is no such distinc- 
tion and the cells appear to be 
distributed in a continuous trans- 
parent gelatinous mass (Fig. 423). 
In many filamentous forms the 
gelatinous material forms a con- 
spicuous sheath (Fig. 422). In 
other cascvs the sheatlis of different 
filaments are confluent, so that 
many filaments apjwar to be em- 
bedded in a homogeneous matrix. 
The gelatinous material consists 
largely of ixjctic comix)und8, but 
cellulose may be present. In some 
forms the sheath is only slightly 
developed or absent. 



Fic. 418. Forms of bine-green algae 

Af Rivularia; B, Aphanolhece ; C, Me- 
riemapedia ; D, OsciUatcria 


Fic. 419. Gloeocapsa 

A single-celled individual and colo- 
nies of two, throe, and four cells. 
(X 1285) 


Fonn of colonies. In most colonial forms the cells divide in three 
planes and are scattered irregularly in the matrix. Such colonies are usu- 
ally without special shape. In a few genera the cells have a regular ar- 
rangement in a definitely shaped colony. In Merismopedia the cells divide 
in only two planes, and as a result the colony is a rectangular plate (Fig. 
418)* In some other cases division in only two planes leads to the produe- 
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tion of hollow spherical colonies in which the cells form a single layer near 
the periphery of the mucilaginous matrix that holds the colony together 
(Fig. 423). Other interesting forms are shown in Figs. 424-427. 

# Cell structure. The cells of the blue- 

green algae are characterized by having 
a colorless central pc^rtion, the so-called 
central body, surrounded by an exterior 
portion in which the pigment is diffused. 
The central body seems to represent an 
incipient nucleus. However, it is not 
separated from the rest of the cell by 
a membrane; it has 
no nucleolus ; it does ^ 

t not divide mitotically, ^ 

\ at least not by such a ^ 

complicated and clear- ^ 

nj cut process as in higher ^ 

I / plants ; and its struc- ^ 

/ ture, while showing ^ 

a good deal of varia- ^ 

Fic. 420. Two species of tion, is alwavs much ^ 

TVosfoc, each embedded in a • ^ 


gelatinous matrix ""re primitive than % 

that of an ordinary g 

nucleus. In forms which show what may be ^ 

regarded as the most primitive conditiop, there £ 

appears to be no distinction between the pro- ^ 

toplasm of the external and central portions of ^ 

the cell except that granules which seem to be 2 

chromatin are scattered in the central region. ^ 

In the more specialized forms there is a very % 

clear differentiation between the central body 5 

or incipient nucleus and the surrounding pro- ^ 

toplasm, even though there is no separating 

membrane (Figs. 428-430). In such cases the greenalgM x 9 kT 

central body may show a chromatin reticulum 

which is very suggestive of that of the nucleus of higher plants. 

The division of the protoplasm is generally accomplished by the 
grovrth of a wall which starts as a ring formed <m the wall bf the 
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mother cell and grows inward (Fig. 428). In some cases the chro- 
matin material divides ahead of the ingrowth of the wail (Figs. 



Fic. 422. Rivtdaria mammillata 


After Setcholl 

429, 430) ; in others it appears as though it were divided by the 

When the cells of the blue-green algae are 
viewed under the microsco|)c they often show 
granules or globules. Those in the outer region 
are known as cyanophycin granules, while those 
in the incipient nucleus are designated slime ' 
globules. Both seem to be albuminous reserve 
material. 

Sugar and glycogen, often called animal 
starch, are found in the cells. The glycogen, 
which is commonly present in animal tissue but 
rare in plants, appears to take the place of 
starch, which is not found in the blue-green 
algae. Frequently oil globules occur in the cells. 

In those species of blue-green algae in 
which the plant consists of an individual 
cell or a colony of cells held together by 
mucilaginous material all the cells are alike. 
In many filamentous forms all cells are alike except that the end 
cell is convex on the side where it is not pressed by a neighboring 


growth of the wall. 



Fig. 423. Coelastrum^ a 
colonial blue-green alga 
in which cells are ar- 
ranged in the form of 
a hollow sphere em* 
bedded in a gelatinous 
matrix. ( x 400) 
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Fic. 424. Eucapsis alpina, a blue^green alga which divides in two planes and 
forms cuhical colonies embedded in a gelatinous matrix 

After Clements and Shantz 




Fig. 425. Tetrapedia gothica Fig. 426. Tetrapediaemarginata 

A single cell and its development into a plate Fo\ir-eelled and sixteen-celled 
of sixteen cells, (x 025). After lieinsch colonies. (After Schroder) 


cell. In one group of filamentous blue- 
green algae the cells of a filament taper 
markedly toward one (Fig. 422) or 
both ends. In the majority of fila- 
mentous genera there are special cells 
known as heterocysts (Figs. 431, 432) 
which occur either in or at the ends 
of the filaments. These are usually 
enlarged cells with thickened walls. 

Heterocysts develof) from ordinaiy’^ cells, 
and generally lo.se their pigment and be- 
come yellowish as the cell wall thickens. 
For a considerable time they are connected 
with the adjoining cells by ^wres which 
extend through conspicuous thickenings 
at the ends of the cells. When the heter- 




Fig. 427. Three peculiar types 
of blue-green algae 

.\t top, Tetrapedia enu- 
michaeli] lower left, Tetra- 
pe*iia reimehiana ; lower right, 
Tetrapedia seiijgera. (After 
Ascher) 



Fig. 428. Anabaena circinalis 


Left, a cross section of a cell ; center, a longitudinal section of three cells the 
middle one of which is dividing; right, longitudinal sections of two individual 
cells in stages of division. The deeply staining threads near the centers of the 
cells stain like chromatin, (x 2000). From Haupt 



Fic. 429. Gloeocapsa aeruginosa 

The first three upper figures are sections of cells not in division. The remain- 
ing figures show sections of dividing cells in successive stages of division. The 
deeply staining threads near the centers of the cells stain like chromatin, 
(x 2000). After Haupt 



Fic. 430. Synechocystis aquasUit 
A vmting cell and several stages of division. (After Gardner) 
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ocysts are terminal there is no thickening or pore at the free end. Finally 
the protoplasmic contents degenerate and vanish. 

Branching. Some of the filamentdus blue-green algae do not branch, 
others have true branches which are lateral outgrowths of the filament, 
while still others are characterized by ** false branching. In forms with 
true branching the filament often consists of more than a single row of 
cells. In false branching the filament becomes ruptured and either one or 
both of the ends thus formed push out of the side of the sheath (Figs. 
433, 434). In forms with single 
''false*' branches there is often a 
heterocyst just above the point 
where the branching occurs. When 
there are paired branches, hetero- 
cysts are not found at the {x^int of 
rupture. 

Reproduction. Unicellular 
blue-green algae multiply only 
by cell division. This is the 
simplest method of reproduc- 
tion known and shows no 
advance over that of the bac- 
teria. The general method in 
colonial forms is the division 
of cells to form colonies and 
the fragmentation of these into 
smaller colonies after they have 
attained some size. 

Reproduction in filamentous forms is due mostly to the division 
of filaments to form short lengths called hormogonia. In some 
forms heterocysts occur at the points of rupture. However, in 
forms both with and without heterocysts, the formation of hor- 
mogonia may be independent of heterocysts. In some cases frag- 
mentation is due to the secretion at intervals in the filament of a 
substance between adjacent cells. This forms biconcave separation 
discs which are at first green but may become colorless. In other 
cases the formation of hormogonia results from the dying of a cell 
which is first compressed by neighboring cells and then disinte- 
grates (Fig. 435). 

Some of the filamentous forms reproduce by means of resting 



Fic. 431. Nostoc 

A filament with three heterocysts (the 
large rounded cells which appear empty) 
and seven resting spores (the large cells 
near the center of the filament) 
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spores. These are formed from ordinary vegetative cells which, 
usually enlarging, become densely filled with food material and 
have their contents surrounded by two distinct cell membranes 
(Fig. 431). These resting spores may remain dormant for a long 
time and are resistant to unfavorable conditions. They thus serve 
not only for reproduction but also for continued existence under 
adverse conditions which might be fatal to 
vegetative cells. When the Spore germi- 
nates, the spore membranes become rup- 
tured and the contents divide to form a 
filament of cells (Figs. 436, 437). 

The division of the protoplast may start 
either before or after the rupture of the six>re 
covering. This rupture may be due either to a 
dissolution of a small part of the membrane or 
to its separation. Among the solitary and colo- 
nial forms resting spores are known only in one 
genus, Gloeocapsa, 

Reproduction by gonidia is characteristic of 
the small and relatively unimi)ortant order 
Chamae-nphoncdes. The plants of this order are 
always attached to some object, and consist 
of either single cells or a cushion formed of 
creeping, attaching filaments with upright 
branches. The inner part of the cushion may 
become gelatinous so that its filamentous 
nature is obscure. The contents of large ter- 
minal cells divide to form numerous small rounded reproductive cells, the 
gonidia (Figs. 438, 439). In these plants there is a differentiation between 
cells which remain {xjrmanently vegetative and others which become 
reproductive. Gonidia formed singly in vegetative, cells have been re- 
ported in a few of the more usual filamentcjus types. 

Movement. All hormogonia have a slow motion, some in a 
straight line, others in a spiral. This movement may carry them 
away from the site of their formation. Some mature filaments have 
a similar movement. This is very marked in Oscillatoria (Fig. 418), 
the name of which refers to its oscillations. The filaments glide 
forward and backward and rotate while the tips swing to one side 
or the other. S'jpirulina (Fig, 421) moves through the water with a 
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corkscrew motion. The mechanism of these movements is not 
understood. Flagella or other organs of locomotion are not known 
among the blue-green algae. 



Fig. 433. Tolypoihrix showing two heterocysts and false branching 
Note remains of a dead cell where branching occurred. (X 415) 

Distribution. The Cyanophyceae are found in all parts of the 
world. They usually occur in water or in damp localities, but also 
occur in dry situations. They are frequently very abundant in fresh 



water, and sometimes occur in such quantities as to produce a dis- 
tinct color, the so-called "waterbloom." The Cyanophyceae may 
have an unpleasant odor, and when they occur in water in great 
quantities, their death and decay frequently gives the water a very 
disagreeable odor and taste. In this way they may become a great 
nuisance in water supplies or to people living along bodies of water 
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in which they are too plentiful. They may be responsible for the 
death of fish or even cattle. Some blue-green algae can withstand 

higher temperatures than 
other algae and are abun- 
dant in hot springs. A 
lichen is a combination of 
a fungus and an alga ; blue- 
green algae frequently fur- 
nish the algal component. 

Representative forms. 
Gloeocapsa (Fig. 419) is a 
very common blue-green 
alga that occurs as single 
cells or groups of two to 
eight or more rounded cells 
held together by the gelati- 
nous cell walls. Each cell 
has its own sheath, and 
two cells may be held together by the sheath of the mother 
cell. Likewise the sheaths of two such mother cells may be sur- 
rounded by the sheath of the grandmother cell. It is in this 
way that the groups are formed. Reproduction is by cell division. 

In Merismopedia (Fig. 418), 
as in Gloeocapsa, the cells are 
held together by a gelatinous 
matrix. However, division of 
the cells takes place alternately 
in two planes perpendicular to 
each other, so that the colony 
takes the form of a flat plate. 

Reproduction is by cell division 
and the fragmentation of the 
colony. 

OsciUaloria (Fig. 418) can be recognized as a naked filament 
composed of flattened cells and with a very characteristic oscillat- 
ing movement. Reproduction is usually by the formation of 
hormogonia due to the occurrence of dead cells or separation discs. 
No heterocysts are known. 



Fic. 436. A resting spore of Anabaena 
and stages in its germination. ( X 330) 

After Thuret 



Fic. 435. Oscillatoria, showing stages in di- 
vision of a filament by death of a cell 
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Nostoc (Figs. 420, 431) is characterized by 
twisted filaments of more or less rounded cells, 
conspicuous round heterocysts, and the frequent 
occurrence of rows of large resting spores. The 
sheaths of the individual filaments are distinct 
(Fig. 420) in some cases, while in others they 
are so coalesced and transparent as to be in- 
visible (Fig. 420). 

Blue-green algae are primitive. The appar- 
ently simple structure of the ceil of the Cyano- 
phyceae and the absence of a sexual method of 
reproduction indicate that they are very primi- 
tive forms of plants. The bacteria, which lack 
chlorophyll, are the only other plants that do 
not have definite nuclei, while the Cyanophyveae 
are the only plants with chlorophyll that do 
not have chloroplasts. For these reasons the 
Cyanophyceae are regarded as the most primi- 
tive chlorophyll-bearing plants. 



Fic. 437. A sport: 
of Calothrix fusca 
which has germi- 
nated to produce 
a filament while 
stiU attached in 
the filament in 
which it is formed 

After Teodoresco 



Flc. 438. Dermocarpa prasinon a bine-green alga which produces gonidia 

The illiuitn^ion shows growth of a colony and the formation of gonidia. The 
rather loose cells which are lielow the Dermocarpa are a part of the plant on 
which the Dermocarpa was growing, (x 500). After Bomet and Thuret 
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There are reasons to believe that in Proterozoic times blue- 
green algae (Cyanophycede) were present and widespread. Per- 
haps some of the blue-green algae were similar to living forms. 
The blue-green algae are such small and soft organisms that we 
should not, offhand, expect them to be readily fossilized. It is 
not surprising, therefore, to find that while there is evidence of 
this great antiquity, this evidence is rather circumstantial. 

Certain massive deposits of the Proterozoic era are regarded by eminent 
authorities as being due to blue-green algae. The algae would not have 

had to com|)ete with higher 
plants, and there is little evi- 
dence of animals that ate 
them. Under these circum- 
stances they would have had 
a much better chance tf> 
develop than at present. 
Both their presence and 
their abundance are inferred 
from the material l>elieved 
to have l)een deposited around 
them , rather than from actual 
remains. At tlie present time 
"water biscuits," similar to 
the ancient def) 08 its, are 
formed around blue-green al- 
gae by the dei) 08 ition of cal- 
cium carbonate around the 
masses of algae and in the 
Fic. 439. Dermocarpa fueicola interstices within them (Fig. 

Growth of individual and formation of go- 440). It would seem that in 
nidia as seen in section. (After Gardner) Proterozoic times this same 

process built up deposits of 
limestone, and that the masses of blue-green algae were buried by an influx 
of ooze or mud that filled up the cavities and channels in the algal growth. 
The cavities in the deposits are interpreted as places formerly occupied 
by algae which have since dLsappeared. As various blue-green algae have 
different methods of growth, they would leave different and characteristic 
fossil impressions. Many such impressions have been described (Figs. 44 1- 
443). Microscopic examination of these deposits reveals what appear to 
be single cells, groups of cells, and chains of cells similar in shape to those 
of modem blue-green algae. 
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Relationship of blue-green algae. It 

seems reasonable to suppose that the most 
primitive ancestors of the higher plants 
lacked a definite nucleus, and also that 
they did not have a method of sexual re- 
production. Moreover, it would seem 
highly probable that the first plant that 
possessed chlorophyll did not have definite 
chloroplasts. It appears, therefore, that the 
Cyanophyceae possess many features that 
must have been characteristic of some of 
the primitive ancestors of the higher plants. 

Their primitive characteristics are in keep- 
ing with their apparent great antiquity. 

While there is no evidence that the Cyano- 
phyceae themselves gave rise to the higher 
plants, it does seem probable that they and 
the higher plants had at least a common 
ancestor, and that in many respects the 
Cyanophyceae resemble this common ances- 
tor very much more than higher plants do. 

The only close relationship of the Cyanophyceae is to the bac- 
teria, which they resemble in their 
method of cell division and in lack- 
ing sexuality and a highly organized 
nucleus. 

The blue-green algae are not 
regarded as ancestral to the green 
algae because, among other reasons, 
it is believed that the latter are 
descended from a group of uni- 
cellular plants which move by 
means of flagella. In possessing 
flagella they resemble some bac- 
teria more than they do the blue- 
green algae. Also they lack phy- 
cocyanin, so characteristic of the 
blue-green algae. 



Fic. 441. Newlandia concentrica, a 
ProteroEoic fossil believed to have 
been formed by the action of a 
blue*green alga. ( X j) 

After Walcott 
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Fig. 440. Section of a 
calcium carbonate ball 
formed in connection 
witli the growth of blue* 
green algae. ( X 

After Walcott 
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The blue-green algae show considerable morphological differ- 
entiation along various lines. This evolution was apparently in- 



Fig. 442. Camaaia spongiosa^ a Proterozoic fos- 
sil believed to have been formed by the action 
of a bluegreen alga. ( X j) 

After Walcott 


dependent of the varied 
lines of development of 
the bacteria, and shows 
no genetic relationship 
to the great diversifica- 
tion found in the algae. 
Thus we find in the 
blue-green algae the de- 
velopment of filaments ; 
false and true branching ; 
colonies in the shape of 
plates, hollow spheres, 
and cubes ; heterocysts ; 
rows of resting spores; 
hormogonia ; tapering 
filaments; and the dif- 
ferentiation of filaments 


into purely vegetative parts and cells producing gonidia. While 


this diversified develop- 
ment does not seem to 
have led to the evolu- 
tion of the higher plants, 
it is evident that many 
of their varied forms are 
very successful from the 
standpoint of the strug- 
gle for existence, as is 
evidenced by their great 
abundance. 

In view of our lack of 
information, our ideas as 
to the relationship of the 
bacteria, the blue-green al- 



gae, and other simple Fic. 443. Collenia imdosa^ a Proterosoic fossil 
plants can be only specu- believed to have been formed by the action of 
lations. It is reasonable ® blue-green alga 


to suppose that the most 


After Walcott 
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primitive plants lacked chlorophyll and that the bacteria give us our best 
idea of a great group of plants which may have been the ancestors of all 
higher plants. The members of any such great group must have evolved 
along various lines, some of which may be represented by the bacteria as 
we know them. Perhaps another line evolved into a group, now extinct, 
the members of which moved by means of flagella and had chlorophyll 
diffused in the protoplasm. One branch of this group may have lost its 
flagella, a process which has occurred more than once in the evolution of 
the plant kingdom, and develoi)ed into the blue-green algae, while another 
line retained its flagella, developed chloroplasts and true nuclei, and gave 
rise to the simpler green algae, and through them to all higher plants. We 
must remember, however, that such ideas, even though they may be fasci- 
nating and may seem reasonable to some, are only speculations ; and that, 
as with most speculations, there is bound to be a diversity of opinion. 



CHAPTER XIX 


FLAGELLATES, THE ANCESTORS OF ALGAE AND 
HIGHER PLANTS 

General characteristics. The flagellates are aquatic organisms 
which combine plant characteristics with those that we ordinarily 
associate with animals to such an extent that they seem to be, as it 
were, at the parting of the w^ays betw^een the plant and animal 



Fic. 444. Euglena, showing various forms assumed by a single cell. ( X 675) 


kingdoms. Many of them are single-cell individuals (Fig. 444). In 
numerous other cases individuals are associated in colonies (Figs. 
579, 580), which are held together in various ways. In such cases, 
however, the colony is merely an association of individuals which 
are not united in an intimate manner like the cells in the tissues 
of the higher plants. Each individual of the colony is largely in* 
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dependent of the other individuals and has its own nutritional 
processes. Each individual flagellate when in a motile state has 
one or two (rarely more) slender hairlike projections called flagella, 
the movements of which enable the individual to swim in water 
(Figs. 445-448). Long and rather coarse cilia are called flagella, 
and the flagellates owe their name to the characteristic presence 

of flagella. 

The flagellates are 
generally said to be 
distinguished from al- 
gae by being naked 
cells, while algae have 
cell walls, usually of 
cellulose ; also by lack- 
ing sexual reproduc- 
tion. Algae are believed 
to be descended from 
flagellates, and so it 
is not surprising that 
there should be no 
sharp line of separa- 
tion and that some 
flagellates should have 
a mixture of flagellate 
and algal characteris- 
tics. Thus among the 
flagellates we find a few with sexual reproduction (Fig. 447) and 
some with cellulose walls. The distinction between flagellates and 
algae is thus an arbitrary one. Organisms which have cell walls 
and sexual reproduction are algae, while those which lack them 
are placed in the flagellates. 

It is characteristic of flagellates to become encysted ; that is, to 
lose their flagella and become surrounded by a thick firm covering 
(Figs. 445-448). While encysted they are resistant to adverse 
conditions such as drying, and so can persist through unfavorable 
periods which would be fatal to active individuals. Also, encysted 
individuals are in a favorable condition to be carried from place to 
place by the wind, on the feet of birds, and in other ways. 



Fic. 445. Pyramidomonas tetrarhynchm, a flagel* 
late with four flagella anti a four4obed ante- 
rior end 


The figure shows a mature individual, three 
stages in the division of one individual into two, 
and an encysted individual. (After Dill) 
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Fic. 446. Polyhlepharides singularisj 
a flagellate with several flagella 

Above, mature individual, a rounded 
cyst beginning to germinate, flagellate 
escaping from the cyst, fhigellate es- 
caped from the cyst. Below, division of 
a single individual to form two daugh- 
ter individuals. (After Dangeard) 

which are bright green owing to 
called chloroplasts. Those in whi 


Kingdom 

Some flagellates have well- 
developed green, yellow, or 
brown plastids which enable 
them to carry on photosynthe- 
sis ; others are colorless and live 
by absorbing organic matter 
from the surrounding water; 
many can take in and digest 
solid particles. Some forms con- 
tain chlorophyll and manufac- 
ture food by photosynthesis 
when living in the light, but 
when growing in the dark in 
nutrient solutions they lose 
their chlorophyll and absorb 
organic food from the surround- 
ing medium (Fig. 448). Plastids 
an abundance of chlorophyll are 
jh the green color of chlorophyll 



Fic. 447. Phyllocardium complanatum 


heit, a mature individual. Note two contractile vacuoles near the base of the 
flagella. There is a single large chloroplast which fills most of the peripheral 
part of the cell. In the center is a single nucleus and just above this an eyespot 
which in the drawing is black. Upper row, stages in division of one individual 
to form two. Lower row, fusion of two small individuals (gametes) to form a 
sini^ cell. This flagellate has many features which must have characterized 
the flagellate ancestors of green plants, (x 900). After Korshikov 
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is masked by a pigment of another color are known as chromato- 
phores, a more inclusive term which includes all colored plastids. 
Various types of chromatophores are found in the flagellates. As 
the photosynthetic pigments of the flagellates occur in definite 
plastids, the flagellates are more advanced in this respect than are 
the blue-green algae, 
where the pigment is 
diffused throughout 
the peripheral part of 
the cell. Flagellates 
have a single definite 
nucleus with a nu- 
clear membrane, and 
in this respect also 
are more advanced 
than the blue-green 

EVGLENA, A COM- 
MON FLAGELLATE 

General charac- 
teristics. Euglena 
(Figs. 444, 448) is a 
very common and 
well-known genus of 
unicellular flagellates 
which is frequently 
so abundant in small 
puddles of standing 
\vater as to give the water a greenish color. The cells are naked, 
but the outer la 3 ^er of protoplasm (periplast) is somewhat stiff. In 
some species it is too stiff to permit the organism to change its 
form, while in others it is soft enough so that the individual may 
show marked change in shape when not actively swimming. This 
change in shape may result in a sort of creeping movement. 
Within the ceil are a single nucleus and a number of green plastids, 
which in most species are disk-shaped (Fig. 444). The green color 
is due to an abundance of chlorophyll. At the anterior end is a 



Fic. 448. Euglena gracilis 

Upper right, green form ; upper left, colorless form 
gn^wn in nutrient solution in the dark; lower 
right, encysted form ; lower left , contents of cyst 
divided to form fi>ur daughter cells, (lietlrawn 
after Zumstoin) 
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single flagellum. At the base of the flagellum is a large contractile 
or pulsating vacuole which alternately contracts and expands, and 
near this is a conspicuous red spot called an eyespot. 

In Ev^leria the large contractile vacuole discharges into a 
canal-like depression in the anterior end of the cell (Fig. 449). 
Around the large vacuole is a system of smaller ones which empty 
into it. Contractile .vacuoles are characteristic of flagellates and 
are widespread in the motile cells of primitive algae. The system is 

usually much less complex than in 
Euglena, and in most cases there 
is a single vacuole, or two which 
contract alternately. In many 
cases they discharge into the sur- 
rounding cytoplasm. Most au- 
thorities regard contractile vacu- 
oles as organs of excretion, but their 
exact function is still in question. 

An eyespot is found in many 
flagellates, and, like the contractile 
vacuole, is characteristic of many 
of the more primitive algae. In 
som^ of the lower plants it has been 
shown to insist of two parts, a pig- 
mented cup-shaped structure and 
a clear lens-shaped portion which 
fits into the former (Fig. 477). It 
is generally assumed that the 
clear part is sensitive to light, while the pigmented portion acts as 
a shield, and that the eyespot plays a part in causing the organism 
to orient itself in reference to the direction of the light. However, 
motile organisms without eyespots are also sensitive to light. 

Reproduction. As in typical flagellates, Eugleria reproduces by 
the longitudinal division of the motile cells (Fig. 450). Also, the 
cells may become encysted, in which case an individual comes to 
rest, rounds up, loses its flagellum, and encases itself in a thick 
wall. While it is in this condition the protoplasm may divide to 
produce a number of small individuals which escape from the wall 
of the cyst and grow to mature size. 



Fic. 449. Anterior end of Euglena 
viridis seen in section 

Note attachment of flagellum to 
interior of contractile vacuole. On 
the left of the enlargement of the 
flagellum is the eyesiiot, which in 
the drawing is black. (After Wager) 
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Relationship of flagellates. The flagellates are clearly on the 
border line between animals and plants, and there are reasons for 
considering them as the group from which both animals and higher 
plants have been derived. 

While at least those forms which contain chlorophyll may surely 
be regarded as plants, the whole group is considered by many zoolo- 
gists as belonging to the animal kingdom, and those forms that 
lack chlorophyll are certainly like animals in their characteristics. 
A way in which protozoa (one-celled animals) may have been de- 
rived from plants is suggested by those forms 
which contain chlorophyll and at the same 
time ingest solid food particles, and by those 
which under certain conditions contain 
chlorophyll and obtain food by photosynthe- 
sis and under other conditions lack chloro- 
phyll and live like animals. The pigmented 
and some of the colorless flagellates are 
clearly related, while transition forms con- 
nect pigmented flagellates with the simplest 
single-celled amoeboid animals. 

Some of the characteristics of the flagel- 
lates which at first sight might seem to 
suggest that they are animals are the very 
ones that indicate most clearly that they 
are the ancestors of the higher plants. 

Movement by means of flagella is found in 
the simplest plants, the bacteria, and is characteristic of the 
simpler algae, while similar types of movement are found in 
reproductive cells of specialized plants even as high in the evolu- 
tionary scale as the simplest of the seed plants. Likewise, the 
presence of an eyespot and contractile vacuoles is characteristic 
of many of the unicellular plants and of the reproductive cells of 
many of the simpler of the multicellular ones. A consideration of 
the flagellates shows very clearly that there is no absolute dis- 
tinction between plants and animals. 

It seems reasonable to suppose that the flagellates were derived 
from some simpler chlorophyll-bearing plants. The blue-green 
algae, however, are the only known chlorophyll-bearing plants 



Fic. 450. Division of 
motile cell of Euglena 

Redrawn after Stein 
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which are considered as more primitive than the flagellates. In the 
possession of flagella the flagellates are more like the bacteria than 
like the blue-green algae. Certainly the way in which the flagel- 
lates may be related to these two groups is entirely uncertain. 

While the origin of flagellates is obscure, it seems to be estab- 
lished that they have given rise to various groups of algae and 
probably through them to higher plants. 

Classification of flagellates. The flagellates afford a good ex- 
ample of the various ways in which a single group of plants might 
be classified. Formerly they were regarded as a separate class with 
various subdivisions. It has been found, however, that most of the 
groups of flagellates have given rise to algal forms. At present it is 
more usual to regard a group of flagellates and the algiic derived 
from that group as composing a cLass of the plant kingdom. Thus, 
instead of separating the flagellates from the various classes of 
algae, flagellates and algae are divided into parallel series which, 
theoretically, in each case might begin with flagellate representa- 
tives and end with algae. In some cases the algal and in others the 
flagellate forms are missing. Euglena belongs to a specialized class 
in which there are no algal members. Euglena is convenient for 
study because some species are common and large forms. 



CHAPTER XX 


CHLOROPHYTA, THE GREEN ALGAE 


INTRODUCTION 

General characteristics. The green algae are very common and 
widely distributed plants. The small and simpler ones are of 
microscopic size (Fig. 451), but some of them are frequently present 
in sufficient abundance to render 
them conspicuous. The'^primi- 
tive plants are generally believed 
to have been aquatic. While 
some green algae live in aerial 
situations (Fig, 504), the great 
majority live in water and have 
retained the primitive charac- 
teristics which fit them for an 
aquatic habitat. Larger forms are 
frequently very abundant and 
conspicuous in streams and pools 
(Figs. 491, 492), and can be dis- 
tinguished from seed plants by 
their simple organization. Ma- 
rine green algae are also numer- 
ous (Fig. 493). While very few 
have any direct use, and these are 
of no great value, the green alg» 



Fig. 451. Diagram showing two side 
views of Chlamydomonas nasuta 

r, contractile vacuole; c, chloro- 
plast ; n, nucleus ; c, evt?spot ; p, 
pyrenoid. Note the ridges on the 
chlon>pla8t. This is a characteristic 
found in some species of Chlamy- 
domonas, In the drawing to the left, 
two contractile vacuoles are shown, 
one expanded, the other contracted. 
In the drawing on the right, one 
contractile vacuole is hidden. (After 
Rater) 


are very important as a source 
of food for aquatic animals.) 

^ xThe green algae form a large and diversified group of plants. 
(jt*hey get their name from their characteristic green color. The 
chlorophyll and associated pigments are found in chloroplasts, and 
are the same and occur in mucfi the same proportions as in the 
chloroplasts of the seed plant8;.\Tt is due to this similarity in pig- 
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ments that green algae and higher plants have much the same 
color. This similarity is also one of the reasons for believing that 
the higher plants are descended from green algae. 

Green algae are very varied in form, and it is evident that they 
have undergone evolution in a number of different directions. They 
vary in size from single-celled individuals (Fig. 452) to sheets of 

very considerable 
size (Fig. 493). In 
a number of dif- 
ferent lines, they 
show an evolution 
of the differentia- 
tion of sex. In the 
simplest forms of 
sexual reproduction 
the cells (gametes) 
which fuse (Fig. 
452) are similar (iso- 
gametes). In a more 
advanced stage (Fig. 
498) the gametes 
differ in size (het- 
erogametes). Fi- 
nally, there may be 
the fertilization of 
a large non-motile 
female cell (egg) by 
a small motile male cell or spermatozoid (Figs. 499, 510). 

Despite their diversity, green algae have certain points in com- 
mon. In addition to having the same pigments as the higher plants, 
they, like the higher plants, store food in the form of starch and 
have cellulose in their cell walls. The chloroplasts of most of the 
green algae contain one or more bodies known as pyrenoids. A 
pyrenoid usually consists of a central protein portion which is sur- 
rounded by minute starch grains. The pyrenoids are generally be- 
lieved to be connected with the formation of starch ; but starch 
may be formed by species which lack pyrenoids, or away from 
pyrenoids when they are present. 



Fic. 452. Chlamydomonas pertu 

At mature individual; note that the cell is rather 
round and that there are several contractile vac- 
uoles. Bj gametes formed within the wail of the 
mother cell ; two have fused to form one individual 
with four flagella. C, gamete ; note the contractile 
vacuoles and eyespot. D, F, stages in fusion of 
gametes. (7, young zygote. //, mature zygote. (After 
Goroschankin) 
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The green algae are a very interesting group because of the 
great diversity of forms, because many of them are common and 
widely distributed, and because the higher plants are generally 
believed to have evolved from some form of green alga. 

ORDER VOLVOCALES, THE MOTILE GREEN ALGAE 
Chlamydomonas, a Primitive Green Alga 

Cell structure. The genus Chlamydomonas is an interesting uni- 
cellular form which is clearly intermediate between the flagellates 



Fic. 4S3. Chlamydomonas reinhardi 

A, mature individual; as in most species of Chlamydomonas^ there are two 
contractile vacuoles; note nucleus IjcIow the vacuoles, eyespot to the right 
of the nucleus, and the conspicuous pyrenoid below’ the nucleus. R, gamete. 
C, gametes fusing. I), young zygote. R, mature zygote. contents of zygote 
divided to form zoo8(K>res. G, a zoos|X)re. (After Goroschankin) 

and many of the higher green algae. ' The cells of Chlamydomonas 
are spherical, oval, or somewhat cylindrical (Figs. 451-455). They 
are surrounded by cell walls, and each individual has two flagella 
at its anterior end. The protoplasm at the anterior end is clear 
and contains contractile or piilsating vacuoles, which are usually 
two in number and contract alternately. Most species of Chhmy~ 
domonas have a red eyespot, which is usually at or near the 
anterior end. The cell contains a chloroplast which, typically, is 
cup-flhaped and contains a pyrenoid'. Chlamydomonas has a single 
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nucleus. The nucleus, like those of other green algae, is highly 
developed, is sharply limited by a nuclear membrane, and divides 
by mitosis (Fig. 456). In all these respects, other than the presence 
of a cell wall, Chlamydomonas is very similar to the flagellates from 
which the green algae are derived (Fig. 447). Although Chlamy- 
domonas is a small organism, the different species vary from each 
other considerably in various details (Figs. 451-455). 



Fig. 454. Chlamydomonas reticulata 

A, mature individual ; note that the chioroplaat is reticulate and that the con- 
tractile vacuoles are prominent ; the eyespot is seen to the left of the cell. 

C, gametes fusing. D, young zygote. E, mature zygote. (After Goroschankin) 

Asexual reproduction. Chlamydomonas reproduces asexually 
by tbe formation of zoospores, a method which is characteristic 
of many green algae. Zoospores are motile spores. Ip the forma- 
tion of zoospores in Chlamydomonas, the contents of the cell divide 
rapidly into two, four, or eight parts (Fig. 457). Each of these 
acquires the structure of a mature individual, and all are set free 
from the mother cell by the conversion of the wall of the latter 
into mucilaginous material. They then grow and become mature 
motile individuals. Tbe zoospores are simply small individuals. 

The method by which one cell becomes divided into two is very 
different from that seen in the vegetative divisions of higher plants 
and filamentous algaef In the latter the cell walls of the mother 
oell remain as walls of the daughter cells, while the mother cell is 
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divided into two by the formation of a cross wall. In Chlamy-- 
domonas the cell wall does not take part in the division, this being 
confined to the protoplast (Figs. 457, 458). The newly formed 
protoplasts surround themselves with new cell walls, while the cell 
wall of the mother cell goes to pieces and disappears. The division 
of the protoplast is, therefore, similar to the division of a flagellate. 



Fic. 455. Chlamydomonas uteinii 

A, mature individual; note ridges on the chlomplast; above are two prom- 
inent contractile vacuoles ; below these is the nucleus ; in the lovrer part of 
the cxjll is the pyrenoid ; in the upper portion, to the left, is the eyespot. 
By (TOSS s(H!tion of an individual, showing 8hai>e of chloroplast. C, gametes 
formed within the wall of the mother cell. /), gametes. J&, F, f?, stages in fusion 
of gametes. //, young zygote. /, mature zygote. Ckimpare Figs. 461-454, 
and note differences between (iifferent si)ecies. (After Goroschankin) 

Chlamydomonas has what is known as a palmella stage, during 
which it loses its flagella and may divide to form numerous indi- 
viduals. The cells, instead of escaping from the gelatinized mother- 
cell wall, remain within it and are held together in a gelatinous 
matrix (Fig. 458), formed by the gelatinization of the cell walls 
of successive generations. When conditions again become favor- 
able to the motile stage, the cells acquire flagella and swim out 
of the jelly. 
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Sexual reproduction. Sexual reproduction takes place by means 
of gametes, which are formed in the same way as zoospores and 
have the same general structure, but are smaller and more nu- 
merous (Figs. 452-455, 459). Two of these fuse together to form a 
single cell known as a zygote. This surrounds itself with a thick 
wall and becomes a zygospore, which undergoes a period of rest. 



Fic. 456. Chlamydomonas nasuta stained to show structure 

Upper left, mature individual. Nc»te nucleus ahove and pyronoid below. 
Next three figures represent division of the protr>plast of one individual to 
form two daughter individuals. Lower line, prophase, metaphase, and ana- 
phase of mitosis. (After Kater) 

A zygospore is a spore formed as a result of the fusion of two 
gametes. Zygospores are very resistant to adverse conditions, and 
they enable Chlamydcrmorim to survive through periods when the 
environment is unfavorable. When conditions are favorable, the 
contents of zygospores are transformed into zoospores, which en- 
large and become mature motile individuals. In most cases (Fig. 
459) the gametes of Chlamyd(mumas are all alike (isogametes) ; in 
one case (Fig. 460) they differ in size (heterogametes). 

The similarity of the gametes and zoospores of Chlamydomonas 
indicates that in such cases gametes have been derived from zoo^ 



Fic. 457. Division of Chlamydomonas angulosa into daughter cells 

Note that in C the wall of the mother individual is intact and that the daughter 
individuals have suirounded themselves with new walls. (Redrawn after Dill) 




Fic. 458. Palmella stage of Chlamydomonas braunii 
After Goroschankin 
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spores and that sexuality had its origin in the transformation of 
non-sexual zoospores into sexual gametes. 

Unicellular algae related to Chlamydomonas. There arc a number 
of unicellular green algae more or less closely related to Chlamydomonas. 
Only two which represent different tyi^es and belong to different families or 
subfamilies will be mentioned here. Carteria differs from Chlamydomonas 




Fic. 459. Chlamydomonas longistigma 

Above, division into daughter cells; lower figures show the conjugation of 
gametes. (Redrawn after Dill) 

chiefly in that it has four instead of two flagella (Fig. 461). In Sphaerdla 
(HaenuUococcus) the cell wall consists of a firm outer layer and a thick 
gelatinous inner layer which is transversed by thin strands from the pro- 
toplast (Fig. 462). This form has two flagella and a single chloroplast with 
several pyrenoids. A red pigment, haematochrome, may be so abundant 
in ather motile individuals or resting cells as to give them a red color. 
SphaereUa reproduces asexually by the division of the protoplast of a motile 
individual to form zoospores which, like those of ChlantydomcnaSf are 




Fic. 460. Chlamydomonas braunii 

A, mature individual; B, small gamete; C, large gamete; D, E, F, stages 
in fusion ; G, zygote. (After Goroschankin) 


Relationship. CMamydomonas and closely related forms seem 
clearly to be descended from a family of green flagellates (the 
PolyUepharidaceae). This family of flagellates (Figs. 445-447) is 
the’ most primitive family of the green algal series, and Chkany- 
domonas is so similar (o some of its members that if ChUmydomonaa 
did not have a cell wail it would be included in it. Sexual repro* 
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Fic. 461. Two relatives of Chlamy- 
domonas 

Left, Carteria, which has four fla- 
gella; right, ChlorogoniurHf w'hich 
differs from Chlarnydamonas largely 
in being long and slender. (After 
Dill and Franze) 


duction has not been reported in the 
more primitive members of the fam- 
ily, but in an advanced one there 
is a fusion of isogainetes (Fig. 447) 
similar to that in Chlamydonionas, 

The inenibers of the Polybtepfmri- 
daceae resemble Chlamy domonas in 
possessing a single large chloroplast 
with pigmentation similar to that of 
other green algae. They also resemble 
Chlamydomonas in manufacturing 
starch, and in most cases there is a 
pyrenokl within the chloroplast. As 
in Chlnin y domonas f the individuals 
have a single eyespot. The number of 
flagella varies from two to four and 
eight with the different genera. In 


some cases there are two contractile vacuoles, as is usual in Chlamydo^ 
monos. As in Chlamydomonas, there is a highly develoj)ed nucleus which 
has a nuclear membrane and which divides mitotically. 



Fig. 462. Sphaerella 

A, Sphaerella pluvialis: «, strand of protoplasm reaching from protoplast to 
cell wall; e, eyespot; n, nucleus; p, pyrenoid; c, chloroplast. B, Sphaerdla 
droehakensis. C, palmella stage of Sphaerella pluvialis, Z), individual of 
Sphaerella droehakeneis ; the contents have divided to form four xoospores. E, 
many gametes within the mother cell. F, gamete. G, //, fusion of gametes. 
If sygote. (After Reicheoow and Wollenweber) 
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In the green algae there are, as previously mentioned, quite a 
number of different lines of evolution, and several of these appear 
to have started from Chlamydomonas or similar forms. 

From the considerations given above it appears that Chlamy- 
domonds and closely related unicellular forms are very primitive 
green algae. A consideration 
of Chlamydomonas and its 
near relatives among the uni- 
cellular green algae and green 
flagellates should therefore 
indicate those features which 
are characteristic of primi- 
tive green algae. We may 
conclude that among the 
structures which characterize 
the most primitive green 
algae are flagella, contractile 
vacuoles, an eyespot, a single 
cup-shaped chloroplast, and, 
in those which are algae 
rather than flagellates, a cell 
wall containing cellulose. The 
primitive green algae are uni- 
cellular and motile. The di- 
vision of the protoplast is not 
due to the formation of cross 
walla but to the activity of the protoplast itself ; the old cell wall 
disintegrates, while the new protoplasts form new cell walls around 
themselves. New individuals are like the parent ones except for 
size. The simple green algae reproduce sexually as well as asex- 
ually ; sexual reproduction is due to the fusion of isogametes. 





Fig. 463. Brachiomonas submar iruL, a 
relative of Chlamydomonas 

First two lines, a mature individual and 
division of protoplast to form zoo- 
8|K)rcs ; last line, formation of gametes. 
(After TetKloresco) 


Volvox^ a Colonial Green Alga 

General characteristics. The genus Vobox contains a number 
of species of colonial algae (Figs. 464-469) which are very common 
in fresh-water ponds and sometimes occur in great abundance in 
lakes. They are more or less the size of a pinhead, and are among 



Fic. 464. Volvox merrillii 

A colony within which are many young eggs (the smaller round homogeneous 
bodies) and a few groups of spermatozoids. The latter are larger than the 
young eggs in the drawing ancl can be seen to be composed of a number of 
individual spermatozoids. Note that there are prominent proloi)Ui8mic strands 
connecting the individuals of the colony, (x 100) 


rnmm 


Fw* 46S, Volvox merrUlUt a colony within which are many oospores. (X 100) 
Lower right, a single oospore showing spiny cell wall 
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the most beautiful and fascinating objects in the plant kingdom. 
A colony may contain as few as five hundred cells, but usually they 
are several thousand. The cells are arranged in a single laj'-er at the 
periphery of the colony and are surrounded by a gelatinous matrix 
(Figs, 465, 467). The center of the colony may contain thinner 
gelatinous material or water. In some species the individual cells 



Fic. 466. Volvox ( Merrillosphaera) africana, a bisexual colony 

Note that no connecting strands arc visible l>etween the cells of the colony. 
The large cells within the colony are <H>s|K)n‘s. The six smaller bodies are 
gn)Ups of 8]>ermatozoids. (X 165) 

are connected with each other by prominent protoplasmic strands 
(Figs. 464, 465), in others by fine strands, while in still other species 
connecting strands have not been demonstrated (Figs. 466, 468). 
However, there is indirect evidence that protoplasmic connections 
between cells, perhaps very fine ones in some cases, are of gen- 
eral occurrence in Volvox and related genera. The individual cells 
are much like those of Chlamydomonas. They have two flagella, 
contractile vacuoles, an eyespot, and a single chloroplast which 
is often cup-shaped and usually has a single pyrenoid. Volvox 
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may, therefore, be thought of as a colony of Chlamydomonas-like 
individuals. 

A Volvox colony may swim about rather rapidly by the move- 
ments of the flagella of individual cells. The cells are so arranged 



Fig. 467. Volvox globtUor. A somewhat diagrammatic section through a colony 
in which three daughter colonies are developing 

Note that the reproductive cells are already differentiated in the daughter 
colonies . ( After Janet) 

that the smaller anterior end points outward. The flagella are 
attached to this end and project out of the gelatinous matrix 
(Figs. 467, 469). Nearly all the cells of a Volvox colony are vege- 
tative cells and remain so throughout the life of the colony. De- 
pending on the species and circumstances, the reproductive cells 
produced by a colony may be either sexual (F^. 466) or asexual 
(Fig. 467) or both sexual and asexual. 
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Asexual reproduction of Volvox. In a Volvox colony which is 
destined to reproduce vegetatively, a few cells in the posterior end 
enlarge, move toward the center of the colony, and lose their 
flagella. Each cell then divides up to form a new colony, which 
develops to a considerable size while within the parent colony 
(Fig. 467). Finally the parent colony disintegrates and the daugh- 
ter colonies are set free. Often granddaughter colonies appear 



Fic. 468. Volvox (Merrillosphaera) carteri 

Note the larRe asexual daughter colonics within the mother colony and the 
granddaughter colonies within the daughter colonies. Note also that no proto- 
plasmic connections arc visible 


within the daughter colonies while the latter are still within the 
parent colony (Fig. 468). 

Sexual reproduction of Volvox, In sexual reproduction either a 
few or a considerable number of cells in the posterior part of the 
colony become differentiated. Male and female cells may be found 
either in the same (Figs. 464, 466, 469) or in different colonies 
(Fig. 465). The male cells are bidagellate spermatozoids and are 
produced in large numbers by the division of a single cell (Fig. 469). 
The female cells are eggs (Fig. 469). Each egg is formed by the en- 
largement of a single cell which loses its flagella and becomes 
rounded and very much larger than a vegetative cell. The sperma- 
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tozoids swim actively in the water and reach the eggs. A single 
spermatozoid enters an egg, and its nucleus fuses with the egg 
nucleus, thus effecting fertilization. This fertilized egg, or zygote, 
surrounds itself with a heavy cell wall and becomes an oospore, 
which is a spore formed from a fertilized egg. The cell wall of the 



Fic. 469. L^t, a somewhat diagrammatic section of a sexual colony of Volvox 
glohator. Right, group of spermatozoids of Volvox aureus 

The large single cells which project inward are the eggs, while the groups of 
cells similarly projecting inward are spermatozoids in various stages of develop- 
ment. p, pyrenoid; c, chlorophxst ; n, nucleus; c, contractile vacuoles; e, eye- 

spot. (After .Janet) 

oospore may be either smooth (Fig. 466) or spiny (Fig. 465). The 
oospore is a resting spore and can resist adverse conditions such as 
the drying up of a pond in which the Vobox is growing, and then 
germinate when conditions again become favorable. During the 
germination of the oospore, the thick outer wall splits and the de> 
veloping contents, surrounded by the inner layer of the wall, 
escape (Fig. 470). The protoplast divides up to form a colony in 
much the same manner as when an asexual reproductive cell pro- 
duces a colony (Fig. 470). 
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In one species (Volvoz rousseleiii) the protoplast of the oospore becomes 
converted into a zoospore (Fig. 471) which in structure is very much like 
an individual of Chlamydomonas, This emphasizes the relationship of 
Volvox to Chlamydomonas. This zoospore divides up to a form a colony. 
A very curious feature in the development of colonies, whether formed 
from asexual cells within a mother colony or from the protoplast of a 



Fic. 470. Development of oospore in young colony of Volvox minor 

A, an egg near which are many spermatozoids ; oospore; C, oospore with 
contents divided to form two cells; /), to form four cells; Ey the multicellular 
embryo surrounded by the inner layer of the cell wall escaping from the outer 
layer; F, an older stage in development shown without the cell wall (note 
that the cells are arranged in the form of a hollow sphere) ; G, young individual 
within the inner wall of the oos^wre. (x 300). After Kirchner 

zygote, is that at a rather late stage the colony turns completely inside out. 
The flagella are produced before this inversion and project inward. In- 
version places them at the periphery of the colony. Sperm colonies also 
undergo inversion. 

Relationship of Volvox. The genus Volvox is the culmination of 
one line of evolution which may be traced back to Chlamydomonc^ 
as a similar simple alga. Chlarnydomonm and Volvox, with the 
colonial forms of varying degrees of complexity which connect 
them, compose one of the most beautiful of all known evolutionary 
series. The simplest of the colonial forms consists of four cells, and 
is just the type of colony that would result if four zoosporte 




Fig. 471. A zoospore of Volvox Fic. 472. Gonium sociale^ a colony of 
rousseletii four ChlamydonwnaS‘\ike cells 

This zoospore is formed within the Side and top view of a colony and stages 
oospore and after escaping divides in division of cells of colony to form 

up to form a colony. (X 750). daughter colonies. (X 300). After West 

After Pocock and West 



Fic. 473. Gonium pectorale 

Top and side view of a colony, gamete, and fusion of gametes to form zygote. 
(After Stein and Schussnig) 
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produced by the division of a Chlamydomonas cell, instead of sepa- 
rating, held together until they reached maturity (Fig. 472). 
Between this small colony and the large ones of Volvox there are 
various intermediate forms (Fig. 565, left). Along with the in- 
creasing number of cells in the colony, other specializations have 
occurred. In the simple colonies all cells are reproductive (Figs. 
472, 475). In a somewhat more advanced one, a few cells remain 
small and vegetative while the majority are larger and are re- 
productive (Fig. 479). Then there is a form in which about half are 
small and vegetative (Fig. 480). Finally, in Volvox only a few are 
reproductive (Fig. 465). In the simpler colonies sexual reproduc- 
tion is isogamous as in Chlamydomonas (Fig. 473) ; in an inter- 
mediate form the fusing cells are similar except that the female are 
much larger than the male (Fig. 476) ; in Volvox we have highly 
differentiated eggs and spermatozoids. Connecting forms between 
Chlamydimonas and Volvox arc described below in more detail. 

THE MOTILE COLONIAL GREEN ALGAE 

The order Volvocales includes the flagellates of the family Polyhlephr 
aridaceae as well as Chlamydomonas and Volvox and intermediate and 
related forms. 

Gonium, The simplest colo- 
nial forms intermediate between 
Chlamydomonas and Volvox are 
in the genus Goniurn, Goniurn 
sociale is a colony of four Chlamy^ 
cfomonas’-like cells embedded in 
a common gelatinous matrix. 

All of the cells are alike, and 
each can reproduce a colony 
(Fig. 472). 

Another si^ecies of Goniurn, 

Goniurn pectorah^ is slightly 
more complex, as the colony 
consists of a plate of sixteen 
cells (Fig. 473). Otherwise it is 
very similar to Goniurn sociale. 

Each cell of the colony may di- 
vide and produce a new colony. Sexual reproduction is by the fusion of 
similar gametes (isogametes), as in most species of Chlamydomonas* The 





Fig. 474. Goniurn pectorals 

A mature *ygote and germination of zy- 
gote to form small colony, (x 400). After 
Schreiber 
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gametes are formed by the division of one cell of a colony to form sixteen 
gametes. Two gametes from different colonies fuse to form a single cell or 
zygospore, which becomes surrounded by a membrane. On germination 
the contents of the zygospore divide to form four zoospores, which may 
be united and thus form a small colony (Fig. 474). 



Fig. 475, Pandorina morum 

Af mature colony; B, a single individual (note two contractile vacuoles above, 
eyespot to the right, nucleus in the center, and pyrenoid near posterior end) ; 
Cf cells of mother colony forming daughter colonies; D, gametes escaping 
from a sexual colony; E, large and small gametes; F, (7, fusion of gamete; 
zygote; 7, J, /C, germination of zygote to produce zoospore; L, M, iV, 
division of zoospore to form colony, (x 35C)). After Pringsheim 

Pandorina. This genus shows what may be regarded as a further 
advance in that the colony has a spherical form (Fig. 475). As in O&nium, 
any cell of the colony may divide to form a new colony. Sexual reproduc- 
tion results from the fusion of motile gametes produced by the division of a 
cell of a colony to form sixteen gametes, and is similar to that of Oonium 
except that usually a small active (male) gamete fuses with a larger more 
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sluggish (female) gamete (Fig. 475). This fusion of unequal gametes has been 
regarded as indicating a very primitive stage in the differentiation of sex. 



Fig. 476. Eudorina elegans 

A female coltmy with large gam- 
etes around which are two >)un- 
dles of spermatozoids and nu- 
merous free 8j)ermatozoids some 
of which arc in contact with the 
large female gametes. (.After 
G(K‘beI) 


two contractile vacuoles, prominent 
eyespot, nucleus in the center of 
the cell, and below two pyrenoids. 
Right, section of a cell showing lens- 
shaped clear area in the hollow of 
the cup-shaped pigmented area of 
the eyespot. Note section of large 
pynmoid in low’er part of cell. (After 
Franze and Mast) 


Eudorina. The colony of Eudorina consists of usually thirty-two 
ChlamydomonasAxk^. cells loosely arranged near the periphery of a gelati- 
nous matrix (Figs. 475, 477). As in the genera previously described, 
eacli cell of a vegetative colony may form a new colony. However, in 
sexual reproduction there Ls a 
distinct differentiation of sexes, 
which are usually found in se|>- 
arate colonies. Some colonics 
develop as female. These are 
similar to vegetative colonies 
except that the cells enlarge 
slightly and each functions as 
an egg (Fig. 476). In male col- 
onies each cell divides to form 
sixty-four |>car-shaiHHi, hiflagel- 
late spermatozoids. A s{)erma- Fig. 478. Eudorina elegans 

toxoid fuses with an egg to Zygotes, three stages in germination of 
form an oosjwre, which, on ger- zygote to pmduce zoospore, and two 
mination (Fig. 478), produces stages in division of zoospore to form col- 
a new colony. ony, (After Schreiber) 






Fic. 479. Pleodorina illinoiensis 



A, mature colony (x 250) ; the four small cells to the left are vegetative 
while all the remainder are reproductive. the four small anterior cells 
remain vegetative while the other and larger cells arc producing daughter 
colonies. C, D, two views of group of sperm cells. E-H, division of mother 
cell, while within mother colony, to form a daughter colony, l-L, side 
view of division of cell to form daughter colony. divisions to form 

daughter colony, as seen from above. (After Kofoid.and Merton) 




435 


Chlorophyta, the Green Algae 

Pleodorina, In all the preceding 
forms any cell of a colony may be- 
come reproductive, and so there is no 
differentiation of vegetative and re- 
productive cells. Such a differentia- 
tion is seen in Pleodorina. Pleodorina 
illinoienfds usually has thirty-two 
cells as does Eudorina, Also, both 
asexual and sexual reproduction are 
similar in the two cases. However, in 
Pleodorina illinoiensis four cells in 
the front or anterior end of the colony 
are small and remain vegetative, while 
the others are larger and any of them 
Note small vegetative cells to the j^^^v reproduce the colony (Fig. 479). 
loft and larger reluct ive cells to 

^ ‘ ^ anterior end which are vegetative 

would seem to be significant. The differentiation of purely vegetative 
cells is further advanced in f^leodorina calif or nica» Here there are about 
sixty-four or one hundred and 
tw’enty-eight cells, about half 
of which may be reproductive, 
while the remainder, located in 
the anterior end of the colony, 
are small vegetative cells (Fig. 

480). 

Volvox. The higher inem- 
l>ers of the series are placed in 
the genus Volvox^ wdiere the cells 
in a colony are usually very 
numerous, often as many as 
twenty -five thousand. Sexual 
differentiation, which is sug- 
gested by the fusion of small 
and large gametes in Pandorina 
and is very evident in the small 
spermatozoids and large female 
gametes of Eudorina^ reaches 
its culmination in the spermato- 
zoids and eggs of Volvox. The 
differentiation of vegetative and 
reproductive cells, which is evident in the four vegetative cells of Pbc- 
darina illirwiensM and more pronounced in Pleodorim caUfomica^ also 



Fig. 481. Platydorina, a flattened colo- 
nial form belonging to the Volvocaceae. 

(X 200) 

Left, face view; center, a single cell 
(note two contractile vacuoles and eye- 
spot at the anterior end, the nucleus in 
the center, a single large chloroplast 
around the nucleus, and a large pyrenoid 
in the chloroplast at posterior end) ; right, 
side view of a colony. (After Kofoid) 



Fic. 480. Pleodorina calif ornica 
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Flc. 482. Stephanoaphaera pluvmlis 

At mature colony; B, individuals of a colony giving rise to daughter colonies; 
Ct formation of gametes; D, later stage with some of the gametes fusing; 
E-Jt gamete and fusion of gametes to form 3ygo8ix)re 

reaches its culmination in VolvoXt where thousands of cells may be 
vegetative and only a comparatively small number are reproductive. 

Other colonial Volvocales. Included in 
the Volvocales tffe a numl)er of colonial algae 
other than those on a more or less direct line 
from Chlamydomonas to Volvox, Platydorina 
is a flattened horseshoc-sha|>ed colony of 
sixteen or thirty-two Chlamydomo7m4iA\ke 
cells (Fig. 481). All cells are similar and 
each can produce a new colony. Platydorina 
is believed to be derived from Endorinay 
which, under certain conditions, can be 
made to assume a form much like Platy- 
dorina, Platydorina thus appears to be an 
offshoot from the main line of evolution 
which has culminated in Volvox. 

Stephanosphaera is a colony of usually 
Fw. W, Spondylomort^ are arranged in an equato- 

• e»l»»T of cell. ^ ^„.p. 

After Stein soidal covering (Fig. 482). Each protoplast 
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has two flagella which project beyond the covering of the colony. Also 
each protoplast has protoplasmic processes, like those of Sphaerella, which 
reach to the tough covering of the colony just as those of SphaereUa 
reach to the tough cell wall. Stephanosphaera thus appears to be related 
to SphaereUa in much the same way as Gonium or Pandorina is to 
Chtarnydomonas. All the protoplasts of a colony of Stephanosphaera are 
similar, and each can give rise to a daughter colony. Sexual reproduction 
is by the fusion of two biflagellate isogametes. These are formed in large 
numbers by the division of the indi\ndual protoplasts. 

The colony of Spondylornorum contains eight or sixteen cells. These 
are arranged in tiers of four cells, the cells of one tier alternating with those 
of the next (Fig. 483). Each cell has four flagella. This suggests that 
Spondylornorum may be related to the unicellular Carteria^ which has four 
flagella and differs from Chlamydomonas only in this respect. There is also 
a colonial genus similar to Spondylornorum except that the cells have only 
two flagella and are thus similar to the cells of Chlamydomonas. 

ORDER TETRASPORALES, THE PALMELLOID ALGAE 

General characteristics. We have seen that motility is char- 
acteristic of primitive green algae. The evolution of motile colonies 
has led to a fairly high degree of differentiation in Volvox, but does 
not seem to have resulted in plants of any considerable size. In 
contrast to the Volvocahs^ the higher plants are non-motile and are 
characterized by a great development of vegetative divisions which 
usually result in a considerable amount of vegetative tissue. A 
step in thi.s direction is seen in the Tetras'fwrales. In the Volvoccdes 
the motile condition is dominant and the non-motile is transitory. 
In the Tetra^^poral^^s the reverse is true, as in them the non-motile 
phase is dominant and the motile is transitory. Most of the Tetror 
sporales are colonial forms in which the non-motile cells are held 
together in a gelatinous matrix formed by the gelatinization of the 
cell walls of successive generations (Fig. 484). 

The ordinary vegetative stage of the Tetrasporales is therefore 
similar to the palmella stage of Chlamydomonas (Fig. 458). In them 
the palmella stage of Chlamydomonas has become dominant, while 
the motile stage is transitory, the reverse of what we have seen in 
Chlamydomonas. 

Palmella. The genus PaimeUa is very much like the palmella 
stage of Chlamydomonas (Fig, 458), and consists of a small amor- 
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phous colony of spherical or ellipsoidal cells without flagella, held 
together in a gelatinous matrix. An ordinary vegetative cell can 

acquire two flagella and 



swim out of the colony as 
in Chlarnydomorids. After 
moving about for a time, 
it settles down and by re- 
peated vegetative division 
forms a new colony. Pair 
mella reproduces asexually 
by the division of the proto- 
plast of a vegetative cell 
to form zoospores, sexually 
by the fusion of biflagellate 
isogametes formed in con- 
siderable numbers by the 
division of the protoplast 
of a vegetative cell. 

Palmella is of great in- 
terest because it has a 
dominant phase consisting 


Fic. 484. Tetraspora 

A, portion of a colony showing vegetative 
cells with pseudocilia ; division of cells 
to form gametes; C, gamete greatly en- 
larged (note similarity to Chlamydomonaa 
in two contractile vacuoles, eycspot, and 
cup-shaped chloroplast >^ith single pyre- 
noid) ; O-F, stages in fusion of gametes ; 
(r, young zygote ; mature zygote ; /, 
two groups of aplanospores, each formed 
by the germination of a sin^e zygote ; J, 
young colony formed by the germination 
of a group of aplanospores. All except D, 
T. g^inosa (after Klyver) ; D, T, lubrica 
(after Reinke). (All except C and D, 
X660) 


of a colony of non-motile 
cells in which repeated veg- 
etative divisions result in 
a large number of vegeta- 
tive cells. These features 
are characteristic of most 
of the Tetrasporales and 
are generally interpreted 
as indicating the beginning 
of a line of evolution which 
has resulted in the large 
stationary vegetative bod- 
ies of higher plants. The 
VolvocaUs represent the 


evolution of the motile phase of such primitive algae as Chlamy- 


domonas. This line of evolution is known as the volvocine line, and 


any series of forms showing the evolution of motile colonies is said 
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to show a volvocine tendency. In a similar way the Tetrdsporales 
represent the development of palmelloid colonies and indicate the 
beginning of a line of evolution in which motility is restricted to 
reproductive stages and in which there is a development of vege- 
tative divisions of non-motile cells with the production of non- 
motile vegetative cells. This line of evolution is called the tetra- 
sporine line, and any series in which the above characteristics are 
prominent is said to show 
a tetrasporine tendency. 

Scries with volvocine and 
with tetrasporine tenden- 
cies are found in other 
divisions of algae besides 
the Chlorophyta. 

Tetraspora. This genus 
is ver>' like Palmella except 
that the individual cells 
have two long motionless 
protoplasmic processes, or 
pseudoeilia, on tlie side to- 
wwd the exterior of the 
colony (Fig. 484). These 
pseudocilia extend to or Ix;- 
yond the Inmndary of the 
colony. Different sjx'cies 
have irregular gelatinous 
colonies of various sizes and 
shajics. Teiraspiyra re.sem- 
bles Palmella in that non-motile vegetative cells readily change to biflagel- 
late motile cells which swim out of the parent colony and start a new col- 
ony. Wlien a non-motile cell becomes motile the pseudocilia are discarded 
and true flagella produced. Also, as in Palmella^ biflagellate zoosjwres are 
formed by the division of the protoplast of a non-motile vegetative cell, 
and sexual reproduction is due to the fusion of biflagellate isogametes. 

Apiocystis. This alga forms microscopic pear-shaped colonies which 
are attached to some object by the small end (Fig. 485). The cells are 
arranged near the peTiphery of the colony, and each has two pseudocilia 
which project from the gelatinous enveloi^ of the colony. As in Palmdia 
and Tetraspora, non-motile vegetative cells may change to motile ones 
and leave the colony, biflagellate zoospores are formed by the division 



Fig. 485. Apiocystis brauniana 

Loft, stages in development of colony ; cen- 
ter, zoosjM>res escaping fn.)m the colony; 
right, fusion of gametes to form zygote. 
(X 3CX)). After Moore 
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of the protoplast of a vegetative cell, and sexual reproduction takes 
place by the fusion of small biflagellate isogametes. 

Prasinocladus, The 
genus Prasinocladus is 
an interesting member 
of the Tetrasparales be- 
cause it forms branched 
colonies, often called 
dendroid colonies (Fig. 
486) . Perhaps the chief 
interest in this curious 
type of colony lies in 
the fact that dendroid 
colonies are found in 
other lines of evolution 
which parallel more or 
less the evolution in the 
green algae. A colony 
is started by a quadri- 
flagellate zoospore which 
settles on some substra- 
tum, loses its flagella, 
and secretes a gelatinous 
envelof*. After a time 
the outer layer of the 
envelope may rupture 
at the apex and the con- 
tents move outward and 
partially esc&pe. After 
this partial escape the 
protoplast forms addi- 
tional enveloping ma- 
terial. When the pro- 
toplast which moves 
upward divides into 
two, branching results. 
At times the migrating 
protoplast is flagellated, 
and the protoplast ma^ 
escape as a quadriflagellate zoospore and swim away to form a new col- 
ony. A relationship to the very primitive green algae is indicated by the 
pmence of an eyespot and a cup-shaped chloroplast with a single pyre- 
nokL At the anterior end of the cell there is a contractile vacuole* 



Fic.486. Prasinocladus 

A, habit of colony (x 220) ; B, end of a branch 
in which one cell has given rise to four; C, a 
zoospore at the end of a branch ; D, zoospore ; 
B-I, germination of zoospore to produce a col- 
ony ; J, tip of a branch at the time the terminal 
cell is moving forward. (After Davis) 
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ORDER VLOTRICHALES, FILAMENTOUS AND EXPANDED 
GREEN ALGAE 

Vlothrix^ a Simple Filamentous Green Alga 

General characteristics. Ulothrix is a filamentous green alga 
which is frequently abundant as a hairy covering on stones in 
slow-running streams, ponds, etc. The plant consists of a single 
unbranched row of cells (Fig. 487). The 
cells are all similar and capable of division 
and reproduction, except the basal one 
which serves to attach the plant to the 
substratum. Each cell contains a single 
nucleus and a single chloroplast (Fig. 487). 

A filament increases in length by transverse 
divisions of the cells. 

When a cell divides, the protoplast di- 
vides into two daughter protoplasts as in 
Chlamydomofias (Fig. 488). These daugh- 
ter protoplasts are separated from each 
other by the formation of a cross wall 
which divides the mother cell in two. 

Except for this cross wall, the daughter 
cells are surrounded by the walls of the 
mother cell. The separation of daughter 
protoplasts by the formation of a cross 
wall is similar to what we find in higher 
plants and is in striking contrast to the 
type of wall formation characteristic of 
Chlamydomonas and the motile colonies 
related to it. We have seen that in these cases walls are formed 
anew around the entire protoplasts of the daughter cells and that 
the wall of the mother cell disintegrates. In Ulothrix a new wall 
is formed only between the two daughter protoplasts, and this 
results in the production of a cross wall which is attached to the 
persistent walls of the mother cell. The division of a c6U into two 
parts by the formation of a cross wall enables Ulothrix to form 
filaments. Ulothrix is filamentous because partition walls are 



Fic. 487. Cells from fila- 
ment of Ulothrix 

Note that each cell con- 
tains a single nucleus and 
a band-shaped chloro- 
plast. (X 462) 
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formed in only one direction ; that is, transverse to the mother 
cell. The same type of wall formation in two planes results in 
sheets. Wall formation in three directions builds solid tissue. 

Asexual reproduction of Ulothrix. Asexual reproduction takes 
place by means of zoospores with four flagella (Fig. 489). These 
zoospores are similar to those of Chlamydomonm and the Tetror 
sporaJeSf and each contains a red eyespot and a chloroplast. The 
zoospores are formed from ordinary vegetative cells by the division 

of the protoplast into a number of 
separate parts, each of which ac- 
quires the characteristics of a zoo- 
spore. This method of formation 
is the same as we have observed 
in zoospore formation in Chlumy- 
domonas. The zoospores escape 
through an opening in the cell wall, 
and, after swimming for a time, 
come to rest and grow into new 
plants (Fig. 489). In germinating, 
a zoospore elongates and is divided 
into two cells by a transverse di- 
vision. Ilepeated transverse divi- 
sion of the cells results in the pro- 
duction of a mature plant. 

Sexual reproduction. Ulothrix 
reproduces sexually by means of 
biflagellate gametes. They are pro- 
duced in the same way as the zoospores. In structure jthey are 
like the zoospores except that the gametes never possess more 
than two flagella, are smaller than zoospores, and are produced 
in much larger numbers in a cell (Fig. 489). Two gametes fuse 
to form a single cell known as a zygospore (Fig. 489), which 
becomes surrounded by a cell wall. After a period of rest, the 
zygospore germinates and produces a small single-cell plant. The 

protoplast of this divides to form a number of zoospores which, 

like other zoospores, grow into ordinary vegetative plants (Fig. 489). 

The fact that gametes are similar to zoospores indicates, as in 
Chkmydommas, that gametes are modified zoospores and that 



Fic. 488. Ulothrix 

Stages in division of protoplasm 
by cleavage. Note nuclei divid- 
ing by mitosis. (After Lind) 
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sexuality may have resulted in some ancestor of Uloihrix through 
a change of non-sexual zoospores into sexual gametes. 

In the same species of Ulothrix there may be a fusion of isoga- 
metes, in which case there is no distinction of sex, or there may be a 
fusion of microgametes (small gametes) and megagametes (large 
gametes) which indicates an early stage in the differentiation of sexes. 






i4, the formation of zoospoirs; B, the germination of zoospores; C, the 
formation and escajTC of gametes; />, the conjugation of gametes; E, the 
germination of zygospore with the prcxiuction of zoiisjwres. (Iledrawm 
after Dodel-Port) 

Relationship of Ulothrix. The similarity of reproductive cells of 
Ulothrix to the mature individuals, the zoospores, and the gametes 
of Chlamydomonas and to the motile reproductive cells of the 
Tetrasporales indicates that Ulothrix may have been derived from 
some such form as Chlamydomonas through the Tetrasporales. 
Not only are reproductive cells of Ulothrix similar to those of 
Chlamydomonas^ but the method of division by w'hich they are 
formed is also similar. 
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The great advance shown by Ulothrix over the Tetrasporales 
is that when daughter protoplasts are produced by vegetative divi- 
sions, the only new' walls formed are cross w'alls which serve to 
hold the daughter cells together. This results in the production 
of a filamentous plant body. The chief differ- 
ence between the Tetrasporales and Ulothrix is 
thus in vegetative structure rather than in the 
methods of reproduction. There are, how'ever, 
genera with vegetative forms intermediate be- 
tw^een the irregular gelatinous colonies of such 
types as Palmella and the filaments of Ulothrix. 
These intermediate forms may suggest the 
course followed by the ancestors of Ulothrix. 
One of these is show n in Fig. 490. 

In Ulothrix cell division is ahvays in the 
same plane ; but in some advanced green algae 
Fic. 490. Geminella division in more than one plane results in va- 
interrupta. {X iZO) rious types of branched filaments and sheets. 

After Lagerheim The same method of division makes possible 
the complicated types of plant body which we 
find in flow^ering plants. 

^ In Ulothrix wq see the two prominent characteristics of the 
tetrasporine line. The non-motile phase is dominant, with motility 
confined to reproductive cells, and there is a considerable develop- 
ment of vegetative divisions. Thus Ulothrix, its relatives, and 
their descendants represent a continuation of the tetrasporine line 
of evolution.^ 

Various Ulotrichales 

General characteristics. Ulothrix is a very primitive represent- 
ative of a large order of green algae, the Ulotrichales. The most 
primitive of the Ulotrichales are unbranched filaments. Some 
forms are simple branched filaments ; others have a complicated 
branching system consisting of a prostrate creeping part from 
which erect branches arise; still others are in sheets which in 
places may be several cells in thickness. In the order we find 
sexual reproduction by the fusion of isogametes, the fusion of 
heterogametes (gametes of different sizes), and the fertilization of 
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®ggs by spermatozoids. Asexual reproduction takes place in vari- 
ous ways, including the fragmentation of the plant body and the 
formation of zoospores and of aplanospores and akinetes. Aplano- 
spores are thick-walled spores which are formed within a vegetative 
cell and are surrounded by a wall which is distinct from that of the 



Fic. 491. Stigeoclonium flagelliferum 

A, branches in a fairly young stage; B, zoosporangium with zoospores; C, 
zoospores; D, gamctangia with gametes; g:imetcs; F, fusion of gametes; 
Gf palmella stiige. (x 300). After Tilden 

cell in which it is contained. An akinete is a thick-walled spore in 
the formation of which an entire vegetative cell, including the cell 
wall, takes part. 

Stigeoclonium, Stigeoclonium is a filamentous alga with a cushionlike 
basal portion from which spring numemus rather stmriiigly branched erect 
filaments (Fig. 491). The cells have many jx)ints in common with those of 
Ulothrix, Asexual reproduction is by means of zoospores which develop 
from vegetative cells. Vegetative reproduction is also due to aplanospores 
and akinetes. Sexual reproduction is by the fusion of biflagellate iso- 
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gametes. Stigeocloniurn often changes to a palmella stage, in which it 
multiplies vegetatively. The presence of this palmella stage and the simi- 
larity of the reproductive cells to those of Chlamydomoiias indicate that, 
just as in the case of UlothriXf Stigeoclmmim was derived through the Tetro 
sparales from some form resembling Chlamydomonas, 



Fic. 492. Drapamaldia 


Center, method of branching (x 65); lower loft, escape of zoospores; lower 
right, zoospores. Note two contractile vacuoles, eyespot, and cup-shaped 
chloroplast. (Lower figures after Johnson) 

Drapamaldia. Si:)ecie8 of Drapamaldia are like Siigeoclonium in hav- 
ing prostrate and erect parts. In the erect f)art there is a conspicuous 
differentiation between large main branches and smaller side branches 
(Fig. 492). Asexual reproduction Is by quadriflagellate zoospores which 
are formed in the cells of the small branches (Fig. 492). A zoospore has a 
single chloropla.st with one or more p 3 nrenoids, an eyespot, and two con- 
tractile vacuoles which contract alternately. The zoospores, therefore, 
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have characteristics which are very similar to those of the most primitive 
green algae. Although Draparnaldia shows a very high degree of vegetative 
differentiation, it indicates the character of the primitive green algae 
from which it appears to have been derived when it produces zoospores. 
Draparnaldia reproduces sexually by the fusion of quadriflagellate 



I 
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Fic. 493. Ulva lactuca 

i4, habit of young plant ; By surface view of vegetative portion, showing cel- 
lular structure ; C, cross sect ion ; D, longitudinal section where cells are be- 
ginning to form tubular filaments ; E, section of base showing holdfasts com- 
posed of filaments formed by outgrowths of cells. (-4 , x J x 150). 

After Thuret 


Viva. Ulva is a marine alga which consists of a large sheet two 
cells in thickness and frequently several meters in length (Fig, 493). 
Asexual reproduction is by means of zoospores (Fig. 494). These 
are formed in ordinary vegetative cells by the dividing up of the 
protoplast and the metamorphosis of the divided parts into zoo- 
spores, which escape through an opening in the cell wall. Sexual 



Fic. 495. Ulva lactuca 

surface view of cells forming gametes ; center, section through cells con- 
taining gametes and others from which gametes have escaped (x 200). Upper 
right, gametes and fusion of gametes; lower right, germination of sygote 
(x 460). After Thuret and Borsi 
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reproduction is by means of biflagellate isogametes, which are 
formed from vegetative cells in much the same way as are the 
zoospores (Fig. 495). 

Two gametes fuse to form a zygote, which germinates immedi- 
ately to give rise to a thallus that produces only zoospores. These 
in turn give rise to thalli 
that produce only gametes 
and not zoospores. Thus 
in the life history of Ulva 
there is an alternation of 
plants which reproduce 
asexually by means of zoo- 
spores and plants which 
form gametes and not 
zoospores. The asexual 
and sexual plants look 
alike, and so we cannot 
tell them apart except 
when they are producing 
reproductive cells. 

The sexual plants have 
a single or haploid num- 
ber of chromosomes, while 
the asexual ones have a 
double or diploid number. 

As the gametes are derived 
from sexual plants with 
the haploid number of 
chromosomes, the gametes 
also have the haploid num- 
ber. When two gametes 
fuse, the resulting zygote 
has the diploid number. 

A zygote, on germination, gives rise to an asexual thallus with 
the same number of chromosomes as the zygote (diploid). When 
these plants produce zoospores the number of chromosomes is 
reduced so that the zoospores have a haploid number and give 
rise to sexual plants with a haploid number. There is thus an alte?- 



Fic. 496. Diagram showmg alternation of 
generations in life history of Ulva lactuca 

.\hovc is an asexual plant. Below are the 
two kinds of sexual plants which are design 
nated -f and — . The zoospores from the 
asexual plant give rise to sexual plants. 
These produce gametes which fuse to form 
a zygote the germination of which results 
in an asexual plant 
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nation not only of asexual and sexual plants, but of asexual plants 
with a diploid number of chromosomes and sexual plants with a 
haploid number. This alternation is known as the dternation of 
generati(ms ; that is, an alternation of a diploid asexual generation 
and a haploid sexual one. This alternation of generations is a very 
important feature in botanical studies, as it is 
characteristic of most brown and red algae and 
of bryophytes and all higher plants. 

In Ulva all the gametes look alike, so that we 
can hardly speak of male and female gametes. 
However, there are really two kinds of sexual 
plants, although they look alike and produce 
gametes that look alike. This is shown by the 
gametes in fusing. Gametes from the same thallus 
or from thalli of the same kind will not fuse with 
each other, while those from different kinds will 
fuse. There is thus an alternation of an asexual 
plant and two kinds of sexual ones (Fig. 496). 
This condition is general in algae with an alter- 
nation of generations. 

The basal j)ortion, or holdfast, of Ulva is differen- 
tiated in a very i^eculiar manner. The cells of the lower 
part of the thallus produce tubular outgro\\1.hs Avhich 
grow downward between the two layers of cells of the 
thallus (Fig. 493). These outgrow'ths of the cells are 
interlaced and make the lower i)ortion of the thallus 
strong. Near the base they emerge and form a stout 
Fic.497. Enuro. holdfast. 

morpha intestU Related to Ulva is the genus Enteromarpha (Fig. 497). 
ita/ts, a relative The thallus is a hollow tube with a wall one cell in thiek- 
of Viva, (X J) nggg. This ig formed by the separation of two lay- 
ers such as we see in Ulva, In Enteromorpha, as in Ulva^ 
all plants are alike, but there is an alternation of asexual plants refiro- 
ducing by zoospores and sexual plants [)rodueing gametes. In those 
species which have been studied, the gametes of a fusing pair, as we 
have seen to be the case in Ulva, come from different plants. In one 
species of ErUeromorpha the gametes which fuse with each other are 
heterogametes (Fig. 498) ; that is, one Ls large and the other is small, 
indieating a differentiation of sex. Here we again see the tendency of 
vamus lines of algae to develop a differentiation of sex. 




Chlorophyta^ the Green Algae 


451 


Relationship of Ulva. Although Ulva is a much larger plant 
than UlothriXy the similarity of the cells and particularly of the 
gametes and zoospores in the two indicates that they are related, 
and that Ulva is simply a more advanced form of Ulothrix, The 
difference between the structure of the plant body of Ulothrix and 
of Ulva and its relatives is, however, so great that some botanists 
prefer to place Ulva and its relatives in a separate order, the 
Ulvales, 



Fig. 498. Enteromorpha intestimdis 

Upper line, large and small gametes, their fusion to form a zygote, and the 
germination of the zygote. Note c<mspicuou8 eyespot and the pyrenoid in 
the chloroplast. Lower line, zt)o8pore and its germination. (Gametes and 
zoospore, X 1250). After Kylin 

V" Coleochaete 

General characteristics. Coleochaete is a small alga that usually 
grows epiphytically on other water plants. It is of great interest 
because of the fact that it exhibits highly developed oogamy, as it 
has large non-mot ile eggs which are fertilized by small motile 
spermatozoids. Coleochaete consists of branching filaments. In 
some species all the filaments are prostrate and radiate from a 
center (Fig. 499). These filaments are often so close together as to 
fonn a continuous sheet. Asexual reproduction is by means of 
biflagellate zoospores which are formed singly within a cell (Fig. 
500). 

Sexual reproduction. The eggs of Coleochaete are borne singly 
in special cells or oogonia (Figs. 499, 501) which are formed by end 
cells of branches. In one species a long slender projection called a 
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trichogyne projects from the oogonium (Fig. 601, 502). In other 
species the projection is at most a small papilla. After the forma- 
tion of an oogonium the vegetative cells continue to grow, so that 
in disk forms of Coleochaete the oogonium soon comes to be well 
within the margin of the disk (Fig. 499). 



Fic. 499. A disk form of Coleochaete 

Note that it is comixised of branching filaments which are so close together 
as to produce the apiiearaiice of a solid sheet. The dark bodies are fertilised 
eggs. These, are overgrown to various extents by surroimding cells, (x IfiO) 


The spermatozoids arc biflagellate, and are formed singly in 
small specialized cells, the antheridia (Fig. 502). In disk forms the 
antheridia are produced by the divistonof vegetative cells (Fig. 503). 

After leaving an antheridium, a spermatozoid swims around. 
If it reaches an oogonium, it may enter through an opening pro- 
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duoed by the gelatinization of the wall at the tip of the papilla or 
trichogjme. The fertilized egg enlai^es considerably and becomes 
surrounded by a thick wall to form an oospore. During the growth 
of the oospore, branches from the cell at the base of the oogonium 
and from the surrounding cells grow up over the oogonium and 
form a sterile covering around it (Figs. 499, 501, 502). The oospore 
is very resistant to adverse conditions, and may remain throughout 



Upper line, escape of zoospores (X 340). Lower left, zoospore drawn to show 
chloroplast ; lower right, zoospore drawn to show nucleus and not chloroplast 
(X 900). After Wesley 

the winter season without germinating. On germination, the 
contents divide up to form sixteen or thirty-two cells (Fig. 501), 
within each of which a zoospore is produced. 

The thallus of Coleochaete has the haploid number of chromosomes. 
When an egg is fertilized by a spennatozoid the diploid number results. 
This number is reduced and the condition becomes haploid during the first 
two divisions of the germinating oospore, so that during the further de- 
velopment of the cell ma.s8 which results from the germination of tiie 
oospore there is a haploid number of chromosomes. In Coleockaetg there 
is, then, nothing whi^ can be interpreted as an alternation of a haploid 
sexual generation and a diploid asexual one. In CoieocAoets thoe is an 
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alternation of a sexual generation producing eggs and spermatozoids and 
the development of an asexual cellular mass with the production of zoo- 
spores. This cannot, however, be interpreted as a true alternation of 
generations. 



Fic. SOI. Coleochaete pulvinata 

A, portion of a plant showing oogonium with trichogyne (<) ; B, the trichogyne 
of the oogonium (o) has opened ; C, male and female nuclei are together in the 
oogonium ; D, section of fertilized oogonium surrounded by cells produced by 
neighboring filaments ; E, section of cellular mass formed by germinating of 
oospore. (After Oltmanns) 

Coleoehaete is a member of the Ulotrichales, and shows a high 
difE'erentiation in sexual reproduction. In most of the UMrichaJea 
sexual reproduction is due to the fusion of isogametes, but hetero- 
gametes are also known (Fig. 498). We find, therefore, that in the 
Ulctrichdles, just as in the Volvocales, there are various stages in 
the differentiation of sex. As far as we can tell, the oogamy of 
VtHeox and that of Coleoehaete were developed entirely inde- 





Fic. 502. Coleochaete pidvinata 

D, portion of a plant, showing oogonium in various stages of development and 
also antheridm, which are the small cells at the ends of filaments; A, B, C\ 
growth of neighlK>ring filaments around the oospore; spermatozoids. 

(After Pringsheim) 


Fig. 503. Coleochaete scutata 

Portion of a plant showing antheridia from some of which the spermatosoids 
have escaped. The antheridia are the small cells below the center of the 
drawing. (After Pringsheim) 
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pendently : for Vohox is the culmination of the volvocine line of 
evolution, while Coleochaete represents a high degree of sexual dif- 
ferentiation in the tetrasporine line. These are by no means the 
only cases of the independent development of oogamy. In fact, it 
appears that such a development has taken place many times in the 
plant kingdom. 

Protococcus 



If 

ant, per 


General characteristics. Prcdococcus is one of the commonest, 
if not the most conunon, of all green algae, and is one of t|^MilfiSt , 
widely distributed and most numerous of all plants. It 

very simple plai 
haps the simplest of all 
green algae (Fig. 504). 
Students of the algae, 
however, are generally 
agreed that the sim- 
plicity of Protococcus 
is due to its being a 
reduced rather than a 
primitive form. An in- 
dividual Protococcus is 
either a single cell or a 
thallus of a few cells ; 
that is, two or three 
or four and sometimes 
a few more. Each cell 
has a nucleus and a 
single chloroplast. The 
cells readily separate 
from each other. Pro- 
tococcus is often found 
as a green coating on damp places, particularly on trees, stones, 
walls, etc. The only method of reproduction known in Protococcus 
is the division of one cell into two and the separation of the 
renilting cells. 

Neitter sexual reproduction, motile cells, nor any special form of 
reproduction is known in Protococcus. That this condition is not 


Fic. 504. ProtococcuM, ■ green alga which ia com- 
mon at a green coating on tree trunks and stone 
walls. (X2470) 

A, a single cell ; B, a plant consisting of two cells; 
Cf a plant composed of four cells; D, a group 
of separate cells. Note the large chloroplast in 
each cell 
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primitive is indicated by many facts. Motility is characteristic of 
the flagellates, from which green algae appear to be descended. 
The most primitive green algae, of which CMamydomonas may be 
regarded as a type and from which radiate various lines of evolu- 
tion, are characterized by motility and sexuality. Moreover, the 
method of cell division in Protococcus is not primitive. In the most 



Fic. 505. Cladophora 

A, habit (X J). B, portion of a plant (x 6). C, portion of chloroplast in very 
young cell ; note that it is reticulate with many pyrenoida. D, portion of ma- 
ture cell ; five nuclei, which are the large light-colored structures, are visible. 
The pyrenoida, which are mostly oval and are shown as darker than the nuclei, 

are very numerous 

primitive green algae division is not due to the formation of a cross 
wall but to the division of the protoplast itself; each daughter 
protoplast then surrounds itself with a new wall, and the wall of 
the mother cell disintegrates. The more specialized type of cell 
division that we have in the vegetative divisions of the Ulotrichales 
is characterized by the formation of a cross wall across the cell. It 
is this method of cell division by cross-wall formation that we find 
in Prolococcus. The most primitive algae are unicellular, while 
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Protococcus shows relationship to the UlMrichales by the fact that 
it may be multicellular owing to the formation of cross wails. 
Moreover, these walls are not confined to one plane as in Ulothrix 
but are formed in different planes, a characteristic of the more 



Fic. 506. Cladophora 


highly developed Ulotrichales, 
Protococcus affords a good ex- 
ample of the fact that evolution 
does not always proceed toward 
complexity. As it shows cross- 
w'all formation in more than^ne 
plane^ it seems that it mud|K 
descended from some fairly com- 
plex member of the UlotrichaleSy 
and that therefore its ancestors 
had sexual reproduction and had 
also asexual reproduction by 
means of zoospores. The sim- 
plicity of Protococcus may be 
connected with its change to a 
terrestrial habitat. Certainly, 
delicate branched algae could 
not survive in situations where 
Protococcus grows. If success is 
to be judged by the existence of 
enormous numbers of individu- 
als over a large part of the earth, 
then Protococcus is an exceed- 
ingly successful alga. 


Left, gametangia with biflagellate Cladophora 

gametes; right, zoosporangia with 

quadri^gellate zoospores The thallus of Cladophora is a 

branching filament in which the cells 
are very long in shape (Fig. 505). Asexual reproduction is by means of quad- 
riflagellate zoospores (Fig. 506). Sexual reproduction is by the fusion of 
biflagellate isogametes (Fig. 506). Both zoospores and gametes are formed 
by the division of the contents of vegetative cells. Cladophora is of interest 
because each cell contains many nuclei, and also because there is an alter- 
nation of generations in its life history. Both generations are alike in 
appearance, but one produces zoospores and the other gametes. The 
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zoospores are produced by a plant of the asexual generation. On germina- 
tion they give rise to sexual plants, which produce gametes. The gametes 
fuse to form a zygote, which on germination gives rise to an asexual plant, 
thus completing the alternation of generations. In some species it is evi- 
dent that, as in Ulva^ there are two kinds of gametophytic plants, because 



Fic. 507. )bedogonium 


Formation and escape of zoospore and germination of zoospore resulting in a 
young plant. Note reticulate character of chloroplast in young plants 


gametes from one plant will not fuse with gametes from the same plant but 
only with gametes from a different individual. It seems likely that an 
alternation of generations has arisen indei>endently many times in the 
plant kingdom, and that the alternation of generations in Cladophora arose 
independently of that in Ulva, 
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ORDER OEDOGONIALES 
Ondogonium 

General characteristics. Oedogonium is a very common and 
widely distributed alga, and is an excellent example to illustrate 
highly developed sexual reproduction' in which a large non-motile 
egg is fertilized by a small motile spermato- 
zoid. For these reasons Oedogonium is a 
classic example of oogamous reproduction. 
The Oedogonium plant consists of an un- 
branched filament which, when young, is 
attached to the substratum by a basal cell 
developed as a holdfast (Fig. 607). When 
the filaments become older they may float 
freely in the water (Fig. 508). Each cell 
contains a single nucleus and a single large 
chloroplast, which is near the wall and com- 
pletely encircles the more central portion of 
the cell contents. The chloroplast is reticu- 
late and composed of anastomosing strands 
(Figs. 507, 508). The chloroplast bias many 
pyrenoids, which are located at the points 
where the strands join each other. Starch is 
formed around the pyrenoids (Fig. 509). 

Cell division. The method by which the cells 
of Oedogonium divide is very different from tiiat 

Fic SAS Filament of except in tWO 

" Oedogonium closely related genera (Pig. 509). In Oedogonium, 
before division, the nucleus migrates toward the 
BdowisalargerouMed jjpjgjji g^d of the cell. During the early stages of 
division a ring, generally believed to be of hemi- 
ait f.iiari.iia (x 240) oellulosc, appears on the inner surface of the cell 

wall near the apical end (Fig. 5095). Soon a groove 
appears in this ring where the ring touches the cell wall. On either aide of 
tto groove Uie ring remuns joined to the cell wall of the motiier cell, and tiw 
ringen]aiies(Fig.509C). Meanwhile the nucleus has divided. Thedivision 
<A the nuckiM ia follow^ 1^ a teansverse divirion ot the protoplast (Kg. 
609 £)• The morim cell wall now ruptures opposite the* groove, and tiw 
ring8toeteheBoat(Kg.509P). The two dau^terprotoidaeto elongate until 
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the lower one occupies approximately that portion of the cell which is 
surrounded by the old wall of the mother cell while the upper protoplast 
fills that portion surrounded by the wall formed from the elongation of the 
ring and the very small portion of the mother cell which was above the 
ring (Fig. 509 G), This ixirtion Ls plainly seen as a cap at the apex of the 
cell. When an apical end has taken part in several divisions it is surrounded 
by a series of ringlike markings around the tip, each ring being formed by 



Fkc.S09, Owi0gomium 

A, vegetative oelle, showing character of protoplast with pyienoids; B-O 
successive stages in cell division. (x600). After Ahashi 


a different division. The two daughter protoplasts resulting from the 
division of a single cell are finally separated from each other by the secre- 
tion of a cell wall. This is joined to the mother cell wall at approximately 
the place where the lower part of the wall of the mother cell joins the wi^ 
fortned by the stretching of the ring. 


Asexual reproductioii. Asexual reproduction is by soospcxres, 
which are formed singly in vegetative cells (Fig. S07). The aoo- 
spores are egg-shaped structures. The anterior region is clear and 


Fig. 510. Oedogonium 

A represents the escape of spermatozoids ; fertilization; F, oospore; 

(r-If escape of contents of oospore ; J, formation of zoospores. (A redirawn 
after Him ; the remainder redrawn after Juranyi) 
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is surrounded by a circle of flagella, while the remainder of the 
zoospore is colored green by the chloroplast. The zoospore some- 
times contains an eyespot. The zoospore is liberated by the trans- 
verse rupture of the cell near its anterior 
end. When the zoospore leaves the cell it is 
surrounded by a delicate vesicle, which 
soon disappears. The zoospore swims about 
for a while, then attaches itself to some ob- 
ject by means of its anterior end, with- 
draws its flagella, produces a cell wall, and 
grows into a new 
filament (Fig. 507). 

Sexual reproduc- 
tion. Sexual repro- 
duction is the result 
of a fertilization of 
a large non-motile 
egg by a flagellated 
spermatozoid (Fig. 

510). The eggs are 
borne singly in oogo- 
nia. The oogonium 
of Oedogonium is a 
large rounded cell. The spermatozoids are 
borne in antheridia, which in Oedogonium 
are small cells which occur in rows (Fig. 

508). Usually each antheridiiim forms two 
spermatozoids. These are similar to the 
zoospores except that they are smaller. 

Like th% zoospores, they have a circle of 
flagella (Fig. 511) ; and, again like the 
zoospores, they are surrounded by a deli- 
cate evanescent vesicle. When they leave 
the antheridium they are set free by trans- 
verse rupture of the cell wall just as are 
the zoospores. When the egg is ready for fertilization, an opening 
appears in the wall of the oogonium. It is through this opening 
that the spermatozoid can enter the oogonium and fertilize the 


Fic. 511. Spermato- 
zoid of Oedogonium 
kurzii 

Note reticulate chloro- 
plast in anterior port ion 
and large rounded nu- 
cleus in iK)8terior region, 
(x 1200). After Spessard 



Fig. 512. Plant of Oedo* 
gonium with two rounded 
oogonia and five dwarf 
males attached to it 

Redrawn after 
Pringsheim 
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egg (Fig. 510). The fertilized egg sur- 
rounds itself with a thick wall and 
becomes an oospore. The oospore is 
a thick-walled spore and is very re- 
sistant to adverse conditions. When 
the oospore germinates, the proto- 
plast divides to form four zoospores 
(Fig. 510). 

Fic. 513. Escape of androspores 1 “ ^ome species the antheridia 
of Oedogonium occur in ordinary vegetative fila- 

Redrawn after Him ‘"e“ts (Fig. 508) ; in other species 

they are found in dwarf male plants 
(Fig. 512). Dwarf male plants are developed from special spores 
known as androspores, which are very much like the zoospores but 
are formed in rows of small cells (Fig. 513). These androspores 



Fic. 514. Life history of Oedogonium 
To the left, asexual reproduction ; to the right, sexual reproduction 
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attach themselves on or near the oogonia, and each grows into a 
dwarf male which consists of only one or a few cells. 

Relationship. Oedogonium belongs to the small order Oedogo^ 
nialeSy which contains only three closely related genera. Another 
common genus of this order is Bulbochaete, in which the plant con- 
sists of a branching filament (Fig. 515). Bulhochaete gets its name 
from the fact that most of the cells bear a long hair with a bulbous 
base. The Oedogoniales seem clearly to be related to other green 
algae, because they have the green color so characteristic of the 
group, and also because they store food in the 
form of starch. The Oedogoniales resemble 
the Ulotrichales in that each cell has a single 
nucleus and a single chloroplast ; also in that 
the cells are arranged in unbranched and 
branched filaments. However, the method 
of cell division in the Oedogoniales and the 
presence of a circle of flagella on the motile 
cells are features which are very different 
from any found in the Ulotrichales ; they are 
so distinctive as to indicate that the Oedogoni- 
ales represent a different line of evolution from 
that seen in the Ulotrichales, but one which 
has paralleled the latter in various features. 

Many botanists believe that the Oedogoniales 
are descended from different unicellular green 
algae from those which produced the Volvo- 
coles and Ulotrichales. In the Oedogoniales there is a highly de- 
veloped differentiation of sex in that large non-motile eggs are 
fertilized by small motile spermatozoids. Sexual differentiation 
in the Oedogoniales appears to have developed independently of 
any similar differentiation of which we know\ This is not sur- 
prising in view of the fact that differentiation of sexes has been 
developed independently many times in the plant kingdom. 



Fig. 5 1 S. Bulhochaete 
minuta, ( X 200) 

After Him 
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ORDER ^iV;i;C>4L£S, THE CONJUGATING GREEN ALGAE 
Spirogyra 

General characteristics. A Spirogyra plant consists of an un- 
branched filament composed, of similar cells joined end to end 
(Fig. 516). ' Each of the cells contains one 
or more chloroplasts. These chloroplasts 
have the form of spiral bands. In each 
chloroplast there is a row of conspicuous 
rounded pyrenoids. There is a single nu- 
cleus, which is in the center of thf cell, and 
which is often plainly visibje. Most of 
the interior of the cell is occupied by a 
large vacuolCji The cytopl^m lines the 
cell wall, surrounds the nucleus^ and ex- 
tends as fine strands from the cytoplasm 
around the nucleus to the peripheral cyto- 
plasm. The cells of a Spirogyra filament 
are alike not only in structure but* also in 
functibn^ Each cell performs all the vege- 
tative functions of the plant. Every cell 
absorbs water, carbon dioxide, and' min- 
eral matter ; .eveiy^ cell carries on photo- 
synthesis; and evety cell has the power 
of growing and dividing.' A filament grows 
by the division of its cells and the subse- 
quent elongation ^of the daughter cells. 
One filament may break into two and thus 
form two filaments. 

Fic. 516. A cell of Spiro- Reproduction of Spirogyra. Sexual rer 
gyro. ( X 425) production in Spirogyra is by conjugation, 

which is a union of two similar or nearly 
similar cells to form a zygospore. In most species this process, is 
initiated by two filaments coming to lie side by side. Projections 
then grow singly from the cells of each filament to those of the 
opposite filament (Fig. 517). When the projections from opposite 
cells come in contact, the walls between them are absorbed so that 
a tube oonnects a cell of one filament with a cell of the opposite 
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filament. The protoplasm of one cell then moves through the tube 
to the opposite cell and fuses with the protoplasm of that cell. 
When conjugation occurs, it is not confined to one or a few cells, 
but a large proportion of the cells in the filaments concerned con- 
jugate at approximately the same time. Usually all the cells of a 
filament behave alike in sexual fusion ; for example, if one cell of a 
filament retains its contents and receives the protoplasm from the 



Fic. 517. Spirogyra 

Successive stages in conjugation and formation of zygospore (X 165} and 
germination of zygospore 


opposite cell, all cells in the same filament do likewise. If the 
filaments having only receiving ceils can be considered as indicat-^ 
ing a female condition, Spirogyra shows what may be regarded as 
a very slight differentiation of sexes.. 

The fusion of the protoplasm of two cells results in the forma- 
tion of a zygospore, which surrounds itself with a thick w ajl (Fig. 
517). The gametes of Spirogyra and of the other Conjugales are 
exceptional among the green algae in that they lack fiageila and 
have amoeboid movements. The entire absence of fiagellated cells 
and the presence of amoeboid gametes are very characteristic 
features of the Conjugales. 
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The thick walls of the zygospores can withstand adverse condi- 
tions. The vegetative cells of Spirogyra are killed quickly by dry- 
ing, while zygospores may be dried for considerable periods and 



Fig. 518. Germination of zygospore of Spirogyra 
After Priogsheim 


still germinate under favorable conditions. In consequence, the 
sygospores can be transported from one body of water to another, 
or when the water in a pool dries up they can survive until they are 
again surrounded by water. The wall of the ssygospore of Spirogjfra 
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is composed of three layers. When the zygospore germinates the 
two outer layers are ruptured, and the protoplast of the zygospore, 
surrounded by the Innermost layer of the wall, then grows out to 

form a filament (Fig. 518). 

Nuclear fusion and divi- 
sion vrithin the zygospore. 

The two nuclei derived from 
the two conjugating cells of 
Spirogyra fuse within the 
zygospore to form the zy- 
gospore nucleus. The zygo- 
spore nucleus divides to 
form four nuclei, three of 
which degenerate, while one 
persists and becomes a nu- 
cleus for the young plant 
which grow’s from the zygo- 
spore. The cells of the 






Fic. 519. Stages in the conjugation of 
Spirogyrm 

Successive stages in conjugation in a spe- 
cies in which conjugation taken place be- 
tween two neighboring cells of the filament; 
the lowest figure shows a mature zygo- 
spore, (x 200) 


Fig. 520. Young plant of Zyg- 
nema growing from a spore 

After Hallas 



filaments of Spirogyra are haploid, while the zygospore nucleus formed by 
the fusion of the nuclei of the two gametes is diploid. The number of chro- 
mosomes is reduced during the division of the zygosjwre nucleus to form 
four nuclei. The vegetative filament which grow’s from the zygospore is 
therefore haploid. 

It is characteristic of both plants and animals that when there is a 
reduction in the number of chromosomes, there are two reducing divisions 
so that four nuclei are produced. In many cases all four nuclei are func- 
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Fig. 521. Zygnema cruciatum 


Upper line, conjugation ; lower line, fusion of nuclei in the zygospore. 
(X 375). After Kurssanow 



Fig. 522. Mougeotia calcarea. 
( X 300) 

After Wittrock 


tional and each Ijecomcs a parent nucleus of 
a new plant. It is not uncommon, however, 
for three of the nuclei to degenerate. In scckI 
plants we have seen that the number of chro- 
mosomes is reduced in the division of the 
s|X)re mother cell to form four sjwres, and 
that it is usual for three of the spores in an 
ovule to degenerate. 

Lateral conjugation. In some species of 
Spirogyra the zygosjK>re is formed by the 
conjugation of two adjacent cells in the 
same filament (Fig. 519). In such cases 
projections grow from the adjacent ends of 
the two cells. Where the projections meet, 
the walls are absorbed so that the two cells 
are connected by a tube. The protopla.st 
from one cell then enters the other cell and 
the two protopla.sts fuse to form a zygospore. 

Relatives of Spirogyra. There are a 
number of filamentous algae which are 
evidently very closely related to Spirogyra 
and which are placed with Spirogyra in the 
family Zygnemaiaceae. 

In the genus Zygnema^ from which the 
family gets its name, each cell has two star- 





Fig. 523. Forms of desmids 

Desmida are either sinKle cells or cells joined together in filaments. They are 
related to Spirogyra. See Fig. 625. (X 220) 


Desmids 

• 

General characteristics. Related to Spirogyra is a group of very 
beautiful plants known as desmids (Fig. 523). They are mostly 
unicellular, but in some cases the cells are held together in un- 
branched filaments. Each cell is composed of two symmetrical 
halves, which in most cases are sharply marked off from each other 
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by a constriction around the center of the cell. The narrow con- 
necting portion is known as the isthmus. Asexual reproduction 
takes place by the division of one cell into two across the isthmus ; 
each half then produces a new half similar to itself (Fig. 525). Des- 
mids reproduce sexually by the conjugation of two cells (Figs. 525, 



Fic. 524. Cliloroplasts of desmids 

A, Claaterium aiienuatum; note row of pyrenoids. B, transverse section of 
Closterium lunula; note the slender ridji^es of the chloroplast and the four 
large pyrenoids. C, cross section of CloMerium ntlenaatum; note star-shaped 
chloroplast and single Targe pyrenoid (compare with A). />, Euaatrum verru- 
cosum, Ey Telmemorus granulatiis. (After Carter) 

626). In most cases the wall of each cell separates into two parts 
and the contents escape, migrate toward each other by amoeboid 
movement, and fuse to form a zygospore which surrounds itself 
with a thick wall ; in other cases the conjugating cells produce 
conjugating tubes somewhat similar to those of Spirogyra, The 
zygospore nucleus divides to form four nuclei, while the contents 
of the zygospore divide to form two desihids, each with two nuclei. 
One of these nuclei degenerates ; the other becomes the functional 
nucleus of the new desmid. 
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Relationship of Conjugates. The desmids are clearly related to 
Spirogyra and other members of the Zygmmaiaceae. Conspicuous 
in both groups are the occurrence of sexual reproduction by the 
conjugation of amoeboid gametes and the entire absence of flagel- 
lated cells. Not only is there great resemblance between the des- 
mids and the Zygnemaiaceae, but there are connecting forms, often 



Fic. 525. Reproduction of desmids 

At mature individual of Cosmanuni (x 1150); B,'a zygospore (x 700). C, a 
stage in asexual reproduction of Cosniarium. D, three successive stages in 
asexual reproduction of Anihuniesmua (x 1090) 

placed among the desmids, which leave no doubt as to there being 
a close relationship. 

While the conjugation of amoeboid gametes and the entire 
absence of flagellated cells make the Conjugates a distinctive group, 
there are sufficient characters, including green color and manu- 
facture of starch, to show that they represent a line of evolution 
within the green algae. Their conjugation is not unlike the sexual 
fusion in species of Chlamydomonas where this takes place between 
cells surrounded by cell walls and there is a sort of conjugating 
tube (Fig. 460). Absence of flagella, due to previous loss, is char- 
acteristic of many green algae, especially among the Chlorococealet. 
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Fig. 526. Closterium 

Above, fusion of two nuclei in zygote ; middle line, division of zygote nucleus 
to form four nuclei (the small dark structures in the last figure), and the 
beginning of the division of the protoplast. Below, formation of two Closterium 
cells; note the presence of one degenerating nucleus in each ceil. (After Kicbahn) 


ORDER CHLOROCOCCALES, NON-MOTILE UNICELLULAR AND 
COLONIAL GREEN ALGAE 

Chlorococcum 

Systematic position. In the preceding part of this chapter we 
have considered two lines of evolution in the green algae, the vol- 
vocine as exhibited by the Volvocales and the tetrasporine as shown 
by the Tetraaporales and the Ulotrichaies. QKUrrococcum, which is 
a primitive member of the Chlorococcales, may be thought of as the 
type of plant which started another line of evolution, the chloro- 
coccine. This line is like the tetrasporine line in that motility is 
confined to reproductive cells. It is decidedly different, however, as 
the cells do not divide vegetatively and division of the protoplast 
occurs only in connection with reproduction. In the more highly 
developed members of the chlorococcine line the cells may be very 
large and of very intricate form. 
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General characteristics. Chlorococcum is a round non-motile 
unicellular alga which when young has a single nucleus and a single 
large chloroplast with a pyrenoid (Fig. 527). Before reproduction 
takes place, the cell becomes 
multinucleate, there is an in- 
crease in the number of pyre- 
noids, and the chloroplast 
becomes diffuse. Chlorococ- 
cum reproduces asexually by 
the division of its protoplast 

to form zoospores which are Fic. 527. Chlorococcum 



biflagellate and have a cup- Left, exterior view. The irregular light- 


shaped chloroplast and an 
eyespot (Figs. 528, 529). They 
are thus reminiscent of the 


coloreti region is the opening in the chlo- 
roplast, which otherwise occupies the 
entire exterior portion of the protoplast. 
Ikilow the opening the pyrenoid shows 


flagellates and primitive algae 
from which Chlorococcum is 
believed to have descended. 


as a dark spot. Right , a section of Chlo- 
rococcum showing seven nuclei and the 
large pyrenoid. (x 2000). After Bold 


Sexual reproduction is due to the fusion of isogametes (Fig. 530). 
The formation of the gametes from the protoplast of the mother 
cell is very similar to the formation of zoospores. 



Flc. 528. Division of a protoplast of Chlorococcum by cleavage furrows to 

form zoospores 

After Bohi 


Relationship. Chlorococcum may be regarded as having been 
derived through a modification of Chlamydmnonas, The Vol- 
vocdleSf as we have seen, can be thought of as being derived from 
the motile stage of Chlamydomonasy and the Ulotrichales as being 
due to the development of the palmella stage. In ChUmydmnonas 
there is often a phase, before the division of the protoplast to form 
zoospores or gametes, when the flagella are withdrawn and the 
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Fic. 529. Chlorococcitm 


Numerous zoospores formcrl in a large iialividual, flu* escape of zoo8r)ores, a 
single zcKiSpore, non-motilc cell derived from zoospore, and mature non-m(»tile 
cell formed by growth from the preceding stage, (x 2000). .\fler Bold 

Chlamydomanas cell Ls for a time non-mot ile. If this phase were 
prolonged and the motile and palmella stages suppressed, the re- 
sult would be such a type 
as we have in Chlorococcum, 
Here the dominant phase is 
a non-motile cell. Chlorococ- 
cum is like most species of 
Chlamydomonns in having 
one chloroplast and one py- 

Fic. 530. Fusion of gametes of Chloro- renoid. Its protoplast di- 
coccum. ( X 1435) vides up in much the same 

After Bristol way as that of ChUimydomo- 

nas to form zoospores and 
gametes. Its zoospores and gametes are much like those of Chlamy~ 
domonas. CMnrococcum can, then, be thought of as a Chkanydomth 
nos which has lost mot ility except in reproductive cells. 
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Chlorella 

Chlordla is a unicellular alga the cells of which are small and rounded. 
Each has a single chloroplast, which is usually cup-shaped (Fig. 531). The 
only method of reproduction is by the division of the protoplast to form 
two, four, eight, or sixteen parts, each of which becomes surrounded by a 
cell wall to form a non-motile cell (Fig. 531). These are like the parent 
cell except for size. They are liberated by the disintegration of the wall of 



Fic. 531. Chlorella vulgaris 

Upper line, formation of four daughter cells from mother cell; second line, 
formation of eight daughter cells; third line, formation of two daughter cells. 

(After Grintzesco) 

the mother cell and grow to mature size. We have noted that in the most 
primitive of the green algae, and in the flagellates from which they are 
descended, the motile phase is dominant. Chlorococcum is a unicellular 
form in which this condition is reversetl, the non-inotile stage being domi- 
nant. Jn Chlorella the reduction of the motile phase has reached the ex- 
treme, as in this unicellular alga there are no motile cells. 

Non-Motile Colonial Algae 

In the early part of this chapter we saw that the primitive uni- 
cellular motile green algae have given rise to a variety of colonial 
forms. In a similar way non-motile unicellular algae, of which 
Chlorococcum and Chlorella may be taken as examples, gave rise 




Fic. 532. Three forms of Pediastrum, a colonial green alga. ( X 210) 


cell has a single nucleus, but in older colonies there may be as many as 
eight nuclei. This multinucleate condition is brought about by a division 
of the nucleus without cell division. The presence of nuclear division with- 
out cell division is, as previously noted, characteristic of the chlorococcine 
line of evolution. Any cell of a colony of Pediastrum is capable of reproduc- 
ing the colony asexually through the production of zoospores. After the 
formation of zoo8[X)res a slit appears in the outer layer of the cell wall. 
The zoospores escape through this slit, but are still surrounded by a vesicle 
formed from the inner layer of the cell wall (Fig. 533). The cells of this 
colony grow and take on the form of mature cells. Pediastrum may repro- 
duce sexually by the formation of biflagellate gametes (Fig. 533). 



Fig. 533. Pediastrum 


Upper left, formation of zoosiwres and escape of zoosjH)res in vehicle ; upper 
right, zoospores still surrounded by vesicle forming a colony ; center, gametes, 
fusion of gametes to form zygote, and large angular spore formed from zygote ; 
lower line, division of contents of angular spore to form zoospores and escape 
of zoospores in vesicle to form colony. (After Braun and Askenasy) 
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Hydrodictyon. The water net, Hydrodictyon, has cylindrical 
cells which are united to form a conspicuous elongated sac-shaped 
net (Figs. 634, 535). The water net is widely distributed and fairly 



Fig. 534. Portion of not of Hydrodictyon reticulatum 


common. The nets may be as much as .30 cm. in length, but are 
usually smaller. When young, each cell contains a single nucleus ; 
but as they grow the number of nuclei increases, and in a mature 



Fig. 53S. Small portion of net of Hydrodictyon reticulatum, showing shape and 
arrangement of cells 

cell there are numerous nuclei. Just as Volvoz may be regarded as 
the culmination of motile colonies, so Hydrodictyon may be thought 
of as the culmination of non-motile colonies which reproduce by 
motile cells. Each cell of the net of Hydrodictyon is capable of 
asexual reproduction through the formation of a daughter net 
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within itself. The protoplast of the daughter cell divides up to 
form very numerous zoospores. These swarm about for a time, 
after which they become arranged around the periphery of the 
mother cell, and by growth, without further cell division, form a 
new net. As a new net is formed within a parent cell, it naturally 



Fic. 536. Sexual reproduction in Hydrodictyon 


ii, gametes; B, mature zygote; C, zygote dividing to form four zoospores; 
Z>, zoospores escaping in vesicle ; E, three of the four zoospores have escaped ; 
Ff thick-walled angular spore formed from zoospore ; Gy division of contents 
of angular spores to form zoospores; H, young net formed from zoospore 

escaping in a vesicle 

takes the shape of that cell. A net is liberated by the disintegra- 
tion of the wall of the parent cell, after which the cells of the new 
net continue to grow. 

Sexual reproduction is due to the fusion of biflsgellate gametes (Fig. 
636). These are formed in the same manner as aoospores, but escape 
throu|d> opening in the wall of the motho* cell. Two gametes fuse to 
form a sygote. The protoplast of the lygote divides up to form four no- 
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spores (Fig. 536), and meiosis, or the reduction in the number of chromo- 
somes, occurs in the nuclear divisions which lead to their formation. After 
swimming for a time, the zoospores form curiously shaped, thick-walled, 
angular spores. The angular spore increases greatly in size, and its con- 
tents divide up to form a considerable number of zoosiK)res. These, sur- 
rounded by a vesicle, escaj>e from the spore in much the same way as the 
zoosjK)res of Pediastrum escajie from their mother cell. Within the vesicle 
the zoospores form a small irregular net (Fig. 536). 

Scenedesmus. The colony of Scenedesm us consists of a single row of 
cells or of two rows (Fig. 5^37). Scenedesmus is very common and widely 



Flc. 537. Various forms of Scenedesmus. ( X 500) 


distributed in fresh waters. The only method of reproduction known is by 
the division of the protoplast of a cell to fonii a new colony (Fig. 538). 
Each cell of the new colony surrounds itself with a (tell wall, and the new 
colony is set free by the disintegration of the wall of the niother cell. In 
the absence of both sexual reproduction and motile reproductive cells 
Scenedesmus resembles Chlorella. 

Coelasirum. This is a very common, widely distributed, and beautiful 
microscopic alga. The colony consists of a single layer of cells arranged in 
the form of a hollow sphere (Fig. 539). Reproduction is very similar to 
that of Scenedesmus, and consists in the formation of a daughter colony 
within a cell of the mother colony, the daughter colony beipg set free by 
the disint^;ration of the wall of the mother cell (Fig. 540). In the absence 
of both sexual reproduction and motile reproductive cells Coelastrum re- 




Fig. 538. Scenedesmus acutm 

Formation of daught^T colonies in cells of 
mother colony, (x 22(X)). After Senn 


Fig. 539. Coelastrum prohos- 
cideum. (x 450) 

After Sena 



Fig. 540. Coelostrum 

Left, a colony ; right, a colony the individual cells of which have divided to 
form daughter colonies, one of which is separating, (x 900) 



Fig. 541. Kirchneriella^ a colony in 
which the individuals are held to- 
gether loosely in a gelatinous matrix 



Fic. 542. Ankistri^esmm^ 
a loose aggregate of cells 



$43. Dimorphococctu^ a colony in which the cells are held together in 
groups of four by the remains of the wall of the mother cell. The groups of 
four are likewise held together by remains of cell walls. ( X 1225) 
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sembles Scenedesmus and ChJbrdla, It is, however, difficult to be sure as to 
whether it is a highly developed colony descended from an ancestry lack- 
ing motile cells, or whether it may not have been derived, through loss of 
motility, from a relative of some such colonial form as Hydrodictyon, 

ORDER SIPHONALES, COENOCYTIC GREEN ALGAE 
Vaucheria 

General characteristics. The filamentous alga Vaucheria is the 
common fresh-water representative of the order Siphonales, The 
order is characterized by the fact that the vegetative portion of the 



Fig. 544. Branches of Vaucheria 

Left, branch with three oogonia and empty antheridium ; right, branch 
with two oogonia and empty antheridium. (x 185) 


plant consists of branching filaments with many nuclei but no cross 
walls. Cross walls normally occur only in connection with repro* 
ductive organs (Fig. 544). 

Vaucheria forms conspicuous feity green mats. The plant oon<- 
sists of sparingly branched filaments^ in the vegetative portion of 


Fig. 545. Germinalion of zoospore of Vaucheria 
Redrawn after Sachs from Oltrnanns 


A 



Fig. 546. Vaucheria 


A-C, formation and escape of zoospore ; D, section of a portion of zoospore, 
showing two flagella opposite each nucleus. (A-C redrawn after Goetz from 
Oltrnanns ; D redrawn after Btrasburger from Oltrnanns) 
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which there are no cross walls. The cell wall is lined with proto- 
plasm, while a vacuole extends through the center of the filament. 
Numerous nuclei and chloroplasts occur in the protoplasm. The 
plant is attached to the substratum by colorless branching fila- 
ments (Fig. 545). Plants in which there are many nuclei and in 



Fig. 517. Vaucheria sessilis 

lTpi>er line shows development of antheridium and oogonium. Lower left, 
antheridiuiii is mature and 8p<‘rm luis l)een discharged, oogonium still closed ; 
center, oogonium has o)>en(Hl and liischarged a small amount of protoplasm 
and is ready for fertilization ; right, (M>gonium hiis i)een fertilized and contains 
an oos|H)re. (x 244). After Couch 

which the protoplast is continuous owing to the absence of cross 
walls are called coenocytes. 

Asexual reproduction. The most frequent method of asexual 
reproduction in Vawheria is by the formation of large compound 
zoospores. The zoospores are piroduced singly in zoosporangia, 
which are formed at the ends of filaments. In the formation of a 
zoosporangium the end of a filament enlarges and is cut off from 
the remainder by a cross wall. The contents are then transformed 
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into a large oval zoospore (Fig. 546). This contains manj nuclei 
and has numerous flagella, which occur in pairs, each pair being 
opposite a nucleus. This type of zoospore is a very peculiar one on 
account of the fact that it contains many nuclei and has flagella 
distributed over its entire surface. Many of the relatives of Vaur 
cheria have an ordinary type of zoospore. These are produced in 



Fic. 548. Voucher ia 


Af flection of young fltages of oogonium and antheridium ; note the numeroufl 
nuclei. B, oogonium is cut off by a ceil wall and all except one of the nuclei 
are degenerating while this is enlarging. C, only one nucleus remains in the 
oogonium. D, section of oospore showing fusion of male and female nuclei. 
a late stage showing oospore nucleus formed by fusion of male and female nuclei. 
F, still later stage; oospore nucleus has divided to form four nuclei, (x 240). 

After Williams 

large numbers in a zoosporangium, and each has a single nucleus 
and two flagella. Since in the zoospore of Vawheria a pair of 
flagella is opposite each nucleus, this zoospore has been inter- 
preted as a compound one which has resulted from the failure of 
the protoplast to divide and produce uninucleate zoospores as is 
the case in relatives of Vaucheria. 

The zoospore of Vaucheria escapes through an opening pro- 
duced by the softening of the wall at the tip of the zoosporangium. 




Fic. 550. Dii^omosiphon tuberosus^ show- Ftc. 551. Bryopsis^ one of 
ing two oogonia and two anthertdia the Siphonales. (X i) 

Diehotamtmphm tuberoBua is a close relative Lower right, portion of a 
of Faucherio. (X 75). After Ernst plant enlarged 
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After swimming about for a while the zoospore comes to rest, 
develops a cellulose wall, and grows into a new plant (Fig. 545). 
In this process the zoospore produces two tubular filaments, one of 
which develops a holdfast by which the plant becomes attached to 
the substratum. 

Sexual reproduction. Vaucheria reproduces sexually by means 
of eggs and spermatozoids. The eggs occur singly in oogonia, while 

the spermatozoids are produced 
in considerable numbers in anther- 
idia (Fig. 547). The oogonia and 
antheridia are either developed 
directly from the vegetative fila- 
ment (Fig. 547) or occur on short 
branches (Fig. 544). The oogo- 
nium is a large round structure, 
usually with a projection or beak, 
and is cut off from the main fila- 
ment by a wall. It contains a 
single egg, which when mature 
has only one nucleus (Fig. 548). 
Young oogonia are multinucleate, 
but there is a disintegration of all 
nuclei except the one which is to 
function as the egg nucleus. The 
antheridium is a small tubular 
branch which is usually curved 
Gametangia^nd ^metes. (x 330). maturity. The an- 

theridium is cut off from the 
vegetative filament by a cross wall. When the egg is mature, the 
oogonium opens at the beak. The mature antheridia also open 
and in this way allow the spermatozoids to escape. These swim 
around, and some reach an oogonium, where one of them fuses 
with the egg. The fertilized egg surrounds itself with a thick wall 
and becomes a resting oospore. After a period of rest it develops 
directly into a new plant. 

Relatives of Vaucheria, Most of the relatives of Vaucheria are salt- 
water forms in which sexual reproduction is by the fusion of large and 
small gametes (heterogametes). In sexual differentiation such forms are 



Fig. 553. Three species of Causer pa 

Caulerpa is one of the Siphonales. The plant, is a single coenocyto without 
cross walls. (Upper figure X | ; two lower figures x J) 



Fic. 554. Cross section of a 
branch of Caulerpa showing 
cross supports which protect 
the plant from undue swelling 
or bursting as a result of os- 
motic pressure 


Fic. 555. Codium^ a siphonaceons alga 

The plant is composed of interlacing 
hyphae. See Fig. 566 



Fic. 556. Cross section of Codium 

The plant ia made up of interlacing fUamento without cross walls. Note 
the gametangia g which project from the sides of the large club-shaped por- 
tions of the filaments which form a sort of cortex 
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less advanced than Vaucheria. However, many of them have a much more 
complicated vegetative structure than Vaucheria, 

In Bryopsia (Figs. 551, 552) the lower branches are modified as organs 
of attachment, while the upper ones form graceful featherlike fronds. As 
in Vavcheriaf the plant is a coenocyte consisting of branched tubes in 
which are numerous nuclei but no cross walls. 

Catderpa is a beautiful and interesting genus which is common in 
tropical waters (Fig. 553). This plant simulates the vegetative differentia- 



Fic. 557. Codium tomentoswn 

A, club-shaped branch ^ith game- 
tangium; gamete; C, enlarged 
view of gametangiura with gametes. 


tion seen m higher plants. Thethallus 
has creeping rhizomelike branches. 
From the upper surface of such a 
branch there arise branches which 
roughly resemble foliage shoots, while 
from the lower surface grow colorless 



Fig. 558. Halimeda opuntia^ a calca- 


(x 165). After Thuret 


reous green alga 


rootlike branches. Catderpa, like the Siphomles in general, lacks cross 
walls/ The form is maintained by turgor, while the branches are protected 
from undue swelling or bursting by a network of cross supports (Fig. 554). 
This genus is of interest not only on account of the large size and high 
degree of differentiation of a single coenocyte, but also because no re- 
production by special bodies, either sexual or asexual, is known; Repro* 
duction is due to the separation of proliferous shoots. ' 

In Codium the branches of the coenoc 3 rtic plant body are interlaced in 
such a way as to produce a large plant with definite form (Figs. 555-557). 
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These plants have a spongy feel, which is connected with the fact that they 
are formed of interlacing branches. Various other genera in which the 
plant is composed of interlacing branches have characteristic shapes. 

Relationship of Siphonales. Vaucheria and the other Siphonales 
appear to be descended from the Chlorococccdes. We have seen that 
among the Chlorococcaks there is an absence of vegetative cell 



Fic. 559. Three of the Siphonales 

Left, PeniciUus capitcUus. The small 
figure shows the details of filaments. 
Center, Udotea flabeUum; right, C/do- 
iea orientalis. These algae are coeno- 
cytes. Udotea is formed of interlacing 
filaments. Habit sketches. (X 



Fic. 560. Codiolum gregarium^ an 
alga which is on the border line be* 
tween the Chlorococcales and Si- 
phonales. (X 65) 

After Braun 


division and a tendency for the development of multinucleate cells. 
There are some forms which are so much on the border line between 
the Chlorococcales and the Siphonales that it is difficult to decide in 
which group to place them (Fig. 560), and authorities disagree. 

Protosiphon (Fig. 561) is a border-line genus which illustrates 
the way in which the Siphonales may have been derived from the 
Chlorococcales. Protosiphon is a small coenocytic alga. It has a 
rounded bladderlike aerial portion which tapers into an elongated 
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colorless underground portion. Protosiphon is like Chlorococcum 
in that the protoplasm may divide to form biflagellate zoospores 
(Fig. 561) or may divide in a similar manner to produce biflagellate 



Fic. 561. Protosiphon 

A, loniicitudinal section of almost mature thallus. B, section of upper portion 
of thallus showing the numerous nuclei. C, section of upper portion of thallus 
showing protoplasm dividing up by cleavage furrows; when the process is 
completed each segment will contain a single nucleus and will form a zoospore. 
D, section of upper portion of thallus showing zoospores. zoospore. F-I, 
stages in germination of zoospore ; note that the plant soon becomes multi* 
nucleate. (After Bold) 

isogametes. The gametes fuse in pairs to form zygotes, which may 
germinate directly into vegetative coenocytes (Fig. 562). Proto* 
siphon could be thought of as a Chlorococcum w'hich has developed 
a colorless outgipwth suitable for absorbing materials from the 
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substratum. Also, it could 
be thought of as having the 
characteristics of a very 
simple ancestor of the Si^ 
phcmales. In the Siph(h 
naleSf as in various other 
lines of green algae, we see 
the development of the dif- 
ferentiation of sex. The 
Siphonales must have been 
descended from some form 
in which, as in Protosi’- 
phon, sexual reproduction 
was due to the fusion of iso- 
gametes. In the majority 
of the Siphonales there is 
a fusion of heterogametes, 
while in Vaucheria we have 
oogamy, in which very large 
non-motile eggs are fertilized by minute motile spermatozoids. 



Fig. 562. Protosiphon 

Fusion of gametes and germination of zy- 
gote. (After Bold) 



Flc. 563. Acetabuloria mediterranooi one of the SiphonocladUdos 


A, mature plant with sporangia arranged in an umbrellalike manner (x 1) ; 

B, young plant showing evanescent branches and early stage in the formation 
of the umbrellalike top (x 5) ; C, portion of umbrellalUce top showing sporan- 
gia with **a]4anospofes'’; A su*’spls>x>spore''Uberating gametes; B, fusion 

of gametes. (A B, after De Bary and Strasburger) 



Fig. 564. HtUicoryne, one of the Siphonocladiales 
Left, habit (x 1) ; right, portion of tip showing development of sporangia. 


Notice that near the tip evanescent sterile branches alternate with the young 
sporangia. In this drawing the branches and sporangia in front have been 

removed, (x 0) 


cells. These are often arranged in a very definite and complicated manner 
to form interesting and l^eautiful plants (Figs. 503, 564). The Siphoruh 
dadiales are generally regarded as being derived from the Siphanales by 
the development of cross walls. In the SipAonofes reproductive structures 
are cut off by cross walls. The simplest of the SiphmodadMu are very 
similar to the Sipkonaks, and from these simple forms there can be traced 
a tendency toward an increase in septation and the complexity of the plant 
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body. According to another theory the Siphonocladiales have been de- 
rived from the Ulotrichales through some such ancestry as Cladophora 
(Figs. 605, 506). 

Acetabularia, This is a branching alga, the development of which 
culminates in the production of a l)eautiful urnbrella-like structure (Fig. 
563). The umbrella top is composed of a whorl of elongated cells which are 
sometimes called sporangia. Within each of these there develof) a large 
number of ellipsoidal stmctures often called '* aplanos|K)rcs.” The ** aplano- 
spores" are set free, and after a period of rest a large number of biflagel- 
late isogametes (Fig. 563) develop within each ''aplanosjxire.’' These 
fuse pairs to form zygospores, w'hich, after a period of rest, germinate 
direipwy into new plants. 

In Holicoryne the fertile branches or ’'sporangia*' are borne in whorls 
one above the other (Fig. 5(>4). Near the tip there are wiiorls of evanescent 
sterile branches alternating with the fertile branches. 

SUMMARY OF GREEN ALGAE 

The great groups. Within the green algae there are three great 
aggregations of plants (Fig. 565). The first consists of motile 
forms, both unicellular and colonial. Among the simplest of such 
forms is the unicellular Chlamydomonasy where sexual reproduction 
is usually isogamous. The most complex are found in the genus 
VolvoZf w^'here the colony may consist of thousands of cells, where 
there is a sharp distinction between vegetative and reproductive 
cells, and w'here sexual reproduction is oogarnous, due to the fertili- 
zation of a large non-motile egg by a small motile spermatozoid. 
The whole aggregation of motile forms belong in the order Voir 
vocaleSf the volvocine green algae. 

Another large aggregation consists of the filamentous and ex- 
panded forms found in the order Ulotrichales, In these forms 
vegetative divisions are prominent, and result in a considerable 
development of vegetative cells and usually in a multicellular body. 
Here again we find great diversity in the structure of the various 
plants. Also, there are various grades in the differentiation of 
sexuality. Sexuality varies from isogamy such as is found in 
Ulothriz to the highly developed oogamy seen in Coleochaete, The 
Oedoyoniaies and Conjugales parallel the Ulotrichaies by having 
an extensive development of vegetative divisions, while parallel 
development is also shown by the filamentous condition in the 




Fig. 565. Diagrammatic represemation of the principal lines of evolution in 

the green algae 

Below is Chlamydamonas, which may be taken as a type of the anceatral form. 
To the left various meml^rs of the volvocine line are shown successively ; the 
center represents the tetrasporine line, and the right the chloroooccine line 
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Oedogonialea and in Spirogyra and other filamentous members of 
the Conjvgales. Owing to the great development of vegetative 
divisions in the UlotrichaleSf OedogonialeSy and ConjugaleSy these 
orders are said to show a tetrasporine tendency, and all, therefore, 
may be included in the tetrasporine green algae. 

The third large aggregation consists of forms in which, as in the 
UlatrichcUes^ the plant is non-motile, and in which motility is found 
only in reproductive cells. Plants of this third aggregation differ 
from the Ulotrichales, however, in the characteristic absence of 
vegetative divisions. The simplest forms among them are non- 
motile unicellular individuals. Related to these are non-motile 
colonies. Both are included in the order Protococcales, While in 
both unicellular individuals and non-motile colonies there are no 
vegetative divisions, there may be a division of the nucleus with- 
out a division of the protoplast. This tendency toward nuclear 
division without a division of the protoplast reaches its culmination 
in thb great variety of coenocytic forms in the order Siphonales, 
Among these there is not only great variety in vegetative struc- 
tures, but also the same variation in sexuality that we find in the 
other great aggregations; that is, isogamy, heterogamy, and 
oogamy. The Protococcales and SiphonaUs are both included in 
the protococcine algae. 

The great diversity found in each of the three great groups, and 
the fact that in each there is a gradation from simplicity to com- 
plexity, are indicative of three great evolutionary lines among the 
green algae. 

Nature of evidence for evolutionary lines. In our consideration of 
the green algae it has been indicated that various lines of evolution can be 
traced from very primitive uniceUular green algae, and that these in turn 
appear to have b^n derived from green flagellates. When dealing with 

development of some of the higher groups of plants we shall be able to 
trace much of their evolution through the ages by means of fossils. Where 
the study of the geological history of a group is possible, the evidence thus 
obtained is invaluable in tracing the course which evolution has taken. In 
the study of the evolution of the green algae the geological record is prac- 
tically unless, as the simpler green algae with their small and delicate 
bodies are very poor objects for preservation. We must therefore depend 
entirely on a study of living plants, and deduce what inferences we can 
item a comparison of the various forms. We should remember that in the 
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course of geological time many plants have passed out of existence and 
that at best we can have only a partial recoid in living forms. In many 
cases it must be that ancestral forms which we should like to know have 
lost out in the struggle for existence, and that in trying to determine what 
ancestors were like we have to depend on relatives of ancestors rather than 
on ancestors themselves. In trying to trace ancestry there are many pit- 
fails. We have noted and shall note again that there have been many cases 
of parallel development in the plant kingdom. As an example of this we 
may cite the repeated independent development of oogamy. So it may 
be that what we may regard as an ancestral form is after all not an an- 
cestral form but one which has resulted from a more or less parallel de- 
velopment. We have also to note that simplicity may not be due to an 
original primitive condition but may be the result of the simplification of a 
more complex form ; we have seen an excellent example in Protococcm, 
From the above considerations it is evident that we should be very slow 
in saying that one living form is derived from another. Rather should we 
conclude that a consideration of a series of forms illustrates the general 
trend which evolution may have taken. As a concrete example, it would 
be rash to say that Ulothrix and all other Ulothrichalea are descended from 
Chlamydonwnas, The fact that the zoospores of Ulothrix and many other 
green algae have four flagella suggests at least the possibility that they may 
have been descended from some quadriflagellate unicellular form which in 
many other respects was closely similar to Chlamydomonas, This possi- 
bility is emphasized by the fact that there is a unicellular alga (Carteria) 
which differs from Chlamydomonas only in having four flagella instead of 
two. 

The evidence, however, does seem sufficiently conclusive for us to 
decide that most of the green algae have descended either from a Chlamy- 
domonas or from forms very similar to that genus, and that we are justified 
in using Chlamydomonas to help us in making a mental picture of an an- 
cestral form for most of the CfUorophyta, The study of the lines of evolu- 
tion is particularly interesting in the green algae because among them we 
find so many forms which are not only simple but are also, apparently, 
primitive. The only arrangement of this diversity of forms which seems 
really logical is one in which various lines of development radiate out from 
simple forms of which Chlamydomonas may be taken as a type. 

Origin ci lines of development in the green algae* In the life 
history of the unicellular alga Chlamydomonas we see various 
phases, the development of which appears to have resulted in the 
conspicuous lines of evolution which we find in the green algae. 
The dominant phase of Chlamydomonas is motile, and the develop- 
ment of this phase appears to have resulted in the formation of 
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motile colonies, culminating in Volvox. In this, the volvocine line 
of evolution, we see the production of larger and larger colonies of 
cells having many points in common with those of Chlamydomonas 
until the colony of Volvox may consist of many thousands of cells. 
Also, there is a differentiation of vegetative and reproductive cells. 
In the simpler colonies all cells are reproductive ; then there is a 
form in which a few remain permanently vegetative, followed by a 
more advanced condition in which about half remain vegetative ; 
and, finally, in Volvox the great majority are vegetative while only 
a few are reproductive. 

Under certain conditions Chlamydomonas changes from a motile 
organism to a non-motile one and has a palmella stage. In this 
non-motile phase vegetative divisions are prominent and motility 
is suppressed until special motile reproductive cells are formed. 
The development of such a stage, in which vegetative divisions 
are prominent, is the tetrasporine line of development, and lea 
through the Tetrasporales to the filamentous and expanded Ulotr^ 
chales, and probably through these to the higher plants. In the 
Uloirichales there is a great development of vegetative divisions, a 
development initiated in the palmella stage of Chlamydomonas, 
Throughout the UlotrichaleSj however, we see in the production of 
reproductive cells a return to ancestral characteristics in the 
method by which the protoplast divides to form reproductive cells, 
in the flagellated character of each cell, in the occurrence of a 
single chloroplast, and in the frequent presence of eyespots and 
contractile vacuoles. 

Prior to the production of motile reproductive cells, both zoo- 
spores and gametes, Chlamydomonas withdraws its flagella and 
becomes a non-motile individual. This non-motile phase is very 
different from the palmella stage. It is followed by the production 
of special motile reproductive cells, whereas the palmella stage is 
characterized by vegetative division. The prolongation of the non- 
motile phase preceding the formation of zoospores or gametes, and 
the omission of the palmella stage, would result in a plant similar to 
Chlorococcum, Such a development appears to have resulted in the 
Chhrococcales, where the dominant phase is non-motile, there are 
no vegetative divisions, and division occurs only in connection with 
reproduction. This is the chlorococcine line of evolution. While 
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in the ChlorococccUes there are no vegetative divisions, there is a 
tendency toward the development of the multinucleate condition 
through nuclear division without a division of the protoplast. This 
tendency seems to have resulted in the production of the compli- 
cated coenocytes of the Siphonales. 

The three lines of development which appear to have originated 
from the simple unicellular green algae, of which we have taken 



Left, portion of a plant ; right, section through apex of a long branch, showing 
a single-celled growing point 

CMamydomoncis as an example, are very different and distinct from 
each other. However, the development in the three cases has shown 
certain similar tendencies. In each case we can trace a develop- 
ment from simplicity to complexity ; in each there is an increased 
development and separation of vegetative and reproductive parts ; 
and in each we can trace the development of sexuality from the 
fpsion of isogametes, through the union of heterogametes, to highly 
developed oogamy^ in which a large, non-mptile egg is fertilized 
by a small spermatpzoid^ 
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The green algae afford an excellent example of the tendency of 
evolution to produce a radiating development and for a simple 
organism to develop along various lines. The common ancestry of 
the various lines indicates a similarity in protoplasm which is re- 
flected in each line in the capacity for complex development, in the 
differentiation of vegetative and reproductive parts, and in the 
evolution of the differentiation of sexuality. 
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Fic. 567. A branch of Chora bearing a large oval oogonium and below this a 
rounded antheridinm. (X SO) 


ORDER CHARALES 
Chora 

Oenend characteristics. Chara is a highly developed gieen 
plant which is common in fresh waters (Fig. 566). The vegetative 
portitm is much branched and is anchored to the substratum by 
small braodied filaments known as rhisoids. The growth of Chara 
in length is due to a ringle apical cell (Fig. 566). The tennches 
are of three kinds. The main brandies are alike and of indeter- 
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minate growth. These 
long branches consist of 
long intemodes and short 
nodes. The intemode is 
composed of a large long 
cell surrounded by a sin- 
gle layer of smaller cells 
which are called cortical 
cells. A node consists of 
a plate of cells, and at the 
nodes there are whorls 
of short branches of lim- 
ited growth. The short 
branches are also com- 
posed of nodes and in- 
temodes. ThgJntemoda, 
like that of the main 
branch, is composed of 
a large long cell sur- 
rounded by a single layer of smaller cortical cells (Fig. 567). At 
the nodes of these branches there are unicellular branches and the 
sexual organs (Fig. 567). 

Reproduction. Chora does not produce asexual spores, but there 
may be vegetative reproduction 
by tuberlike outgrowths or spe- 
cial branches. Sexual reproduc- 
tion results from the fertUixation 
of eggs by spermatozoids. 

The oogonium is egg-shaped, 
and consists of a cell containing 
a very large egg (Fig. 567). The 
oogonium is surrounded by a flask- 
like jacket of spirally wound cells. 

The tip of each of these cells is 
cut off to form a smaU cell, and 
the five cells so formed, collec- 
tively, make up the crown. 

The antheridium is spherical 



Fic. $69. Charm 


A shield cell with manubrium pto- 
jeeting from it. At the tip of the 
manubrium are two head cells to 
iriiioh are attaclmd smaller cells bear- 
ing filaments of spennatosoid cells 



Fic. 568. Section of antheridium of Charm 
thowing method of attachment to plant and 
content* 
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(Fig. 567), is red when mature, and has an exceedingly complex 
structure. It is, in fact, the most complex antheridium in the 

whole plant kingdom. 
There is an outer layer 
consisting of eight cells 
known as shield cells. 
From each of these there 
projects inward a long 
cell, the manubrium (Figs. 
668, 569). At the' inner 
end of the manubrium is 
a rounded cell, the head 
cell, which often divides 
into two. The head cell 
produces varied numbers 
of small cells. From each 
of the ultimate cells there 
grow long filaments, each of which contains many cells. A sper- 
matozoid is developed in each of these cells (Fig. 570). WTien 
an antheridium is mature, it is ruptured 
and the spermatozoids swim around, some 
of them reaching oogonia. A single sper- 
matozoid fuses with an egg cell to fonn an 
oospore. When an oospore germinates it 
grows into a new Chara plant (Fig. 571). 

Chara shows a high degree of sexual differ- 
entiation in that very large non-motile 
eggs are fertilized by comparatively small 
spermatozoids. There is, moreover, a high 
degree of differentiation in the oogonia and 
antheridia. The oogonia are surrounded 
by a jacket of sterile cells. The antheridia 
are particularly complex in that they have 
a covering of stenle cells and also other 
supporting sterile ceUs. The sexual organs 
of Chara are very complex, but at the same time are very fav- 
orable objects for study because they are large and the component 
parts are easily seen. As Chara is a very common and widdy di»> 



Fic.571. Stages in the ger- 
mination of Characeae 

The two on the left re- 
drawn after De Bary; 
the one on the right re- 
drawn after Pringsheim 



Fic. 570. Chara 

Left, portions of two filaments of sperma- 
tozoid cells, one showing cells before forma- 
tion of spermatozoids, the other with con- 
tents transformed into spermatozoids; at 
the right, mature spermatozoids. (x 1000) 
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tributed plant and exhibits a very high degree of vegetative and 
sexual differentiation which can be readily demonstrated to stu- 
dents, it has been much used to illustrate a highly developed 
stage of sexual differentiation. For this purpose it is certainly one 
of the most beautiful examples among all plants. 

Relatives of Chara. The Chorales are a small and very homogeneous 
group. There is a great similarity in the main characteristics of the group, 
including reproduction, and they generally differ from each other only in 
minor details. 

Relationship. The Chorales, of which Chara is a very represent- 
ative and common example, are a very isolated group. Relation- 
ship with the green algae is indicated by a bright green color and 
the storage of food in the form of starch. However, both the vege- 
tative structure and the method of reproduction in the Charcdes are 
very different from anything known in the green algae. This differ- 
ence is so great that although the Charales may have been derived 
from the green algae in some way unknown to us, it is generally 
agreed that the Charcdes should be placed in a different group. 
Many authorities go so far as to exclude them from the algae on 
account of their complexity. As their green color and the storage 
of food in the form of starch indicate a relationship to the green 
algae, it is convenient to treat them in connection with that 
division. 



CHAPTER XXI 


CHRYSOPHYTA AND PYRROPHYTA. SOME YELLOW- 
GREEN AND BROWN THALLOPHYTES 

In the last chapter we had a survey of the green algae. That 
division comprises many and various forms which appear to be 
clearly derived from simple green flagellates and which are char* 

acterized by a bright*green 
color. In this chapter we will 
take up plant forms, flagellates 
and algae, in which the chloro- 
phyll is more or less masked 
by yellow and brown pigments 
so that the plants have a 
yellowish-green, golden-brown, 
or brown appearance. Most 
of these forms appear to be 
related to each otW, but they 
do not form as homogeneous 
a group as the green algae. 
All of them are small forms, 
and the great majority are 
microscopic. 

CHRYSOPHYTA 

General characteristics. 

The subdivision Chryaophyta 
is made up of small and mostly 
microscopic forms. One class, the diatoms, is of importance 
because although its members are of microscopic size they are 
very abundant in both fresh and salt water and serve as food 
for a great variety of small organisms, and indirectly are a very 
important source of food for the larger aquatic animals which 

608 



Fic. 572. Chlorochromonas minuta 


Above, the first two figures show different 
forms assumed by the flagellate; the 
other two figures, the capture and en- 
gulfing of a bacterium. Lower row, 
three stages in division, (x 1100). 

After Lewis 
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are used by man. Scientifically the Chrysophyta are of great inter* 
est because they show lines of evolution which appear to start from 
simple flagellate ancestors and which radiate out in various direc- 
tions as do the various lines of evolution in the green algae. Just as 
the ancestry of most members of the green algae can be traced back 



Fic. 573. Ophiocytitun arbmculum 

H, habit. /, J, escape of zoospores. K, zoospore. A-G, development of colony 
from zoospore ; the dendroid colony results when zoospores instead of swim- 
ming away settle in the open end of the mother cell wall and develop there. 
(Compare with Fig. 486.) After Braun 

to primitive unicellular green fli^ellates, so we can trace the mem- 
bers of the Chrysophyta to simple yellowish-green, golden-brown, or 
brown ancestors (Figs. 572, 578). The various lines of development 
in the Chrysophyta parallel to a great extent those of the Chloroph- 
yta, but evidence indicates that evolution in the two divisions has 
been entirely independent. Types paralleling those of the green 
algae include forms of various habits, such as motile colons, 
palmelloid forms including dendroid colonies (Figs. 573, 580), 
filamentous forms both branched and unbranched (Fig. 574), 
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forms corresponding to the Chlorococcaceae among the green algae 
(Fig. 576), and a siphonaceous genus (Fig. 576), while the diatoms 
occupy much the same position among the 
Chrysophyta that the desmids do in the 
Chlorophyta. 

That the Chrysophyta had a common 
ancestry, and that they are descended from 
other flagellates than those which ^ave rise 
to the Chlorophyta, is indicated not only by 
the way in which many of the Chrysophyta 

t can be traced back to simple yellowish-green, 
golden-brown, or brown flagellates, ^but also 
by the fact that there are a number of fun- 
damental characters which are common in 



Fic. 574. Tribonema the division Chrysophyta and which differ- 
Left, a filament (after cntiate the Chrysophyta from the Chloroph- 
Gay from Oltmanns). yta. The Chlorophyta are distinguishedi by 

bright green color, the Chrysophyta by 
the abundance of yellowish-green or brown 
pigment. The Chlorophyta store food in the form of starch, while 


the Chrysophyta do not store 
food as starch but as oils or 
leucosin. The cell wall of the 
Chrysophyta is usually com- 
posed of two halves one of 
which fits into the other (Figs. 
573, 577), and the walls are 
often silicified. The flagellated 
cells of the Chlorophyta have 
flagella of equal length; a 
considerable proportion of the 
Chrysophyta are characterized 
by flagella of unequal length, 
the long one pointed forward 
and the short one backward. 

It may be that the parallel- 
ism between the lines of evo- 
lution in the Chlorophyta and 



Fig. 575. BotrydiopsU arhiza, a single- 
celled alga having the same position in 
the Chrysophyta as Chlorococeum has 
in the Chlorophyta 

The drawing shows an individual and 
the division of the protoplast to form 
soospores. (X 300). After Borsi 
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the Chrysophyta exists because the ancestors in both cases belonged 
to the great group of flagellates. The parallel diversification in the 
two groups emphasizes the tendency of evolution to spread out in 
ail directions which lie within the limits of the possibilities of the 



Fic. 576." Botrydium 


habit sketch (x 2) ; an individual, sho\iing balloon<shaped aerial part 
and branched subterranean portion; C, D, discharge of soospores; E, for- 
mation, of hypnospores in underground part; Ff formation of zoospores from 
hypnosporcs ; germination of hypnospores to form new plant. (C-(y, after 

Rostafinski and Woronin) 

protoplasm of the group. This tendency is further emphasized 
by the variations within the different classes of Chrysophyta, We 
have seen that in both the bacteria and the blue-green algae evo- 
lution has taken place in many directions. The tendency of 
evolution to produce forms which radiate out in various directions 
is therefore not peculiar to the CMorophyla and Chrysophyta^ but 





The Chrysophyta are usually regarded as less important than the 
Chlorophyta. It is generally believed that it is among the green 
algae that we must look for the ancestry of the higher plants, 
and that the Chrysophyta are more of a side line in the evolutionary 
process. 

The Chlorophyta are much more prominent in the vegetation of 
the world than are the Chrysophyta. While the Chlorophyta contain 
many common and frequently observed forms, such forms (with 
the exception of the diatoms) are rare among the Chrysophyta. 
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The division Chrysophyta is composed of three classes : Hetero- 
kmtae, or yellow-green algae ; the Chrysophyceae, a class containing 
many flagellates and few algal forms; and the Bacillarieae, or 
diatoms. 


Class Heterokontae (Yellow-Green Algae) 


General characteristics. The Heterokontae, a diversified group of 
small organisms, are the class of Chrysophyta which most nearly parallel 
the evolution seen in the Chlorophyta. Unicellular motile forms (Fig. 572) 



Fic. 578. Chrysamoeba radians, one of the Chrysophyceae 


Upper row, different forms assumed by an individual ; second row, stages in 
division; third row, cysts, and germination of cysts. (X 500). After Scherffel 

and zoospores (Fig. 574) have two flagella of unequal length. Usually the 
longer flagellum is directed forward and the shorter one backward. The 
chromatophores are yellowish-green owing to the fact that the chlorophyll 
is present in small amount while carotinoids are abundant. The chloro- 
plasts usually lack pyrenoids. Reserve food is stored either as oils or 
leucosin and never as starch. Where there is a definite cell wall, it is usu- 
ally composed of two overlapping pieces which may he of the same or dif- 
ferent sizes (Figs. 573, 577). In filamentous species the wall in longitudinal 
section appears as composed of a series of overlapping H -shaped pieces 
(Fig. 577). In reality one piece of wall has the shape of two cups joined 
together by the bases. Sexual reproduction is found only in a few forms. 
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The most primitive of the Heterokontae are unicellular motile forms 
without cell walls and without sexuality (Fig. 572). In the Heterokontae^ 
as in the green algae, we find palmellaceous forms, including both non- 
motile colonies held together in a gelatinous matrix and dendroid colonies 
(Fig. 573) ; filamentous forms (Fig. 574) ; forms corresjxmding to the 
Chlorococcales of the green algae (Fig, 575) ; and a siphonaceous genus 
(Fig. 576). There are no motile colonies in this class. 



Fic. 579. Colonial Chrysophyceae 

Left, Chry$o$phaerella longispina; above, Synura uveUa; right, Uroglena 
volvox. (After Lauterbom and Stein) 

Tribonema. Tribonema is a well-known and rather common filamen- 
tous genus (Fig. 574). The cell wall has the structure described above for 
filamentous species (Fig. 577). When cell division occurs an H-shaped 
piece (as seen in longitudinal section) is formed across the middle of the 
cell. Layers, which are successively longer and longer, are formed inside 
the cups until the new piece of wall reaches mature size. Cells are uninu- 
cleate and with few to many chromatophores. Asexual reproduction is by 
aplanospores or by zoospores which are formed singly within a cell. The 
zoospores have two flagella of unequal length. Sexual reproduction is by 
the fusion of isogametes. 

Botrydium* Batrydium is a rather common alga often found in abun- 
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dance on muddy or damp soil. It is of great interest because it is a siphona- 
ceous member of the Heterokontae. The Botrydium plant consists of a 
balloon-like aerial portion which contains the chromatophores and a 
branched colorless underground part (Fig. 576). In the vegetative plant 



Fic. 580. Dinobryon sertularia 

A, habit of colony. B, an individual; note the unequal flagella and that the 
individual is attached at the biise to an um-shaped lorica which is said to con- 
tain cellulose and to be somewhat impregnated with silica. Reproduction is 
by the division of one individual into two and the swimming away of an individ- 
ual C to form a new colony. The dendroid colony is formed by the settling 
of the individuals in the open mouth of the lorica; Z>-F, formation of new 
lorica. (After Stein and Klebs) 

there are numerous nuclei but no cross walls. Botrydium reproduces 
asexually by the development in the aerial portion of very numerous 
uninucleate zoospores with flagella of unequal length (Fig. 576 B-D ) ; also 
by the development of aplanospores in the aerial portion and of hypno- 
spores in the underground part (Fig. 576 £-<?). Sexual reproduction is by 
the fusion of isogametes. 
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Fig. 581. Phaeothamnion confervicalum 

Left, habit of plant. The circular openin^^s are 
the places from which zoospores have escaiiecl 
(X 500). Right, development of zoospores (X 900). 
After Logerheim 



Fkc. 582. Mallomonas pyriformiif ooe of the 
Chrysophyceae 

A motile individual and stages in the formation of 
the cyst, (x 500), After Conrad 


Class Chrysophyceae 

General characteris- 
tics. The class Chryso- 
phyceae is a varied group 
containing many flagel- 
late forms both unicellu- 
lar (Fig. 578) and colonial, 
and only a few algal rep- 
resentatives. Among the 
flagellate representatives 
there are both motile 
colonies (Fig. 579) and 
colonies which are at- 
tached to a substratum 
(Fig. 580). While the de- 
velopment of algal forms 
is comparatively slight, 
there are a sufficient num- 
ber of forms, and these 
are diversified enough, 
to show that evolution 
in the Chrysophyceae has 
produced very much the 
same body types as in 
the Chlorophyia and the 
Heterokontae, There are 
palmelloid forms and a 
few filamentous types 
with cellulose cell walls 
(Fig. 581). Also, there 
are forms corresponding 
to the Chlorococcaceae in 
the green algae ; but no 
siphonaceous genera are 
known. 

The chromatophores 
of the Chrysophyceae are 
golden-brown owing to 
the masking of the chlo- 
rophyll by other pig- 
ments. Food is never 
stored as starch as is the 
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case in the Chlorophyta, but rather as oil or leucosin as in the Hder<h 
kontae. The motile cells may have a single flagellum, two flagella of 
equal length, or two of unequal length. Those which have two flagella of 
unequal length resemble 
the Heterokontae in this 
respect; but in having 
three distinct types of 
flagellation the group is 
distinctive. A very unique 
character of the class is 
the formation of distinc- 
tive cysts in which the 
wall consists of two sili- 
ceous parts of very un- 
equal size (Figs. 582, 583). 

One part of the wall is 
shaped like a flask, the 
other is very small and 
is like a stop{)er in the 

opening of the flask. Tl»e 5®^- Cfcrom«/imi freiburgentU 

occurrence of walls com- Germination of cyst, (x 435). After Doflein 
posed of two parts is in- 
dicative of a relationship 
to the Heterokontae f where 
cell walls are generally of 
two pieces, one fitting 
into the other. Sexual re- 
production is unknown 
among the Chrysophyceae. 

Class Bacillarieae 
(Diatoms) 

General character- 
iatica of diatoma. The 
diatoms occupy a posi- 
tion among the Chry- 
BOpkyia similar to that 534 , Forms of diatoms 

of the desmids among 

the Chlorophyta. The diatoms are very common aquatic algae, 
being abundant in both fresh and salt water (Figs. 584, 585). They 
are distinguished from other plants by their siliceous ceil walls, 
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which are in two parts or valves that fit together like the halves 
of a pill-box. The valves have markings which are often fine and 



Fig. 585. Siephanodiscus hantzschianust a diatom with long spines. (X 310) 

After Schrotier 

beautiful (Fig. 586). The chromatophores are usually golden- 
brown in color owing to the masking of the chlorophyll by a brown 
pigment. Diatoms are essentially unicellular plants, but in some 
species there are simple colonies in which the cells are held together 

by gelatinous sheaths 
(Fig. 587). Some of the 
elongated diatoms have 
a very distinct gliding 
movement. 

Diatoms are usually 
divided into two orders 
according to their shape. 
In the more primitive 
of the two orders, the 
Centrales, the cell, when 
viewed from above or 
below (that is, when look- 
ing at the surface of the 
valve), is radially sym- 
metrical and is often 
circular. In the Pennales 
the valve is not circular, 
but is often bilaterally 



Fic. 586. A diatom cell showing markings 

From lUustraled London News. (Photomi- 
crograph by Group-Captain C. F. A. Portal, 
R, A. F.) 
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symmetrical. In the Centrales the markings on the valves are 
radial ; in the Pennales they are often bilateral. 

Movement is not fijuncl in the Centrales 
with their circular valves, but is restrictcci 
to the FennaleSf which have elongated 
valves. In those Pennales which exhibit 
movement, there is a long narrow o|)ening 
or cleft which runs down the center of the 
valve. Movement is believed to. be due to 
the streaming of protoi>liisni in this cleft. 

Asexual reproduction. The chief 
method of reproduction among the 
diatoms is asexual, by the division of 
one cell into two (Fig. 588). The pro- 
toplast enlarges and then divides in 
two, one daughter protoplast remain- 
ing in each valve of the mother cell. 

Kach protoplast then secretes a new 
valve around the nuked half of itself. 

The new valve fits into the old valve 
derived from the mother cell. Since 
one valve of any diatom is slightly 
smaller than the other and fits into it, 
the daughter cell formed in the larger 
valve is of the same size as the mother 
diatom, wdiile the one formed in the 
smaller valve is of smaller size ; there- 
fore as vegetative reproduction con- 
tinues there is a tendency for some of 
the diatoms to become smaller and 
smaller. The original size is restored 
by the formation of auxospores. In the 
Centrales this takes place by the separa- 
tion of the two valves of a cell and the 
great enlargement of the protoplast, which becomes surrounded 
by valves rather similar to those of the onlinary vegetative cells 
(Fig. 689). This auxospore germinates by dividing transversely 
to form two daughter diatoms (Fig. 589). 



Fig. S87. Licnwphora flabel- 
lata^ a colonial diatom. 
(X 70) 

After Smith 
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Sexual reproduction. Auxospore formation in the PenndUs is, 
at least in many cases, due to sexual fusion (Fig. 590). In some 
cases the protoplasts of the two diatoms conjugate and form a 
single auxospore. In other cases two diatoms fuse to form two 
auxospores. In such cases the two fusing cells become surrounded 
by a gelatinous envelope and each divides to form two gametes. 
Each gamete from one of the conjugating diatoms fuses with 
a gamete from the other conjugating diatom. There are other 
variations. 

In quite a number of the Centrales the protoplast is known to 
divide up to form numerous small flagellated structures which 

are often called microspores 
(Fig. 591). These are probably 
flagellated gametes. 

Relationship of diatoms. The 
diatoms have several promi- 
nent characteristics which in- 
dicate a relationship with the 
HeterokonUie and Chrysophyceae 
and justify their inclusion in 
the Chrysophyta. These include 
the brown color ; silicified walls composed of two halves, one of 
which fits into the other ; the absence of starch ; and the storage 
of food in the form of oil. The occurrence of flagellated reproduc- 
tive bodies in,,many of the Centrales^ the more primitive order of 
the diatoms, indicates that the diatoms, like the other Chrysoph-^ 
yia^ are descended from brown flagellate ancestors. Thus, while 
the diatoms are very distinct from the Heterokontae and Chryso- 
phyceae, they possess a number of characteristics that indicate a 
common origin for the three groups. 

The position of the diatoms in the Chrysophyta is very similar 
to that of the Conjugates in the Chlorophyta.. We note particularly 
many points of similarity between the diatoms and the desmids. 
Both desmids and diatoms are essentially unicellular. Asexual 
reproduction is rather strikingly similar in the two cases. In both 
there is a division of one cell into two, each daughter cell retaining 
half of the wall of the mother cell. In both the protoplast enlarges 
aiid a new half of the cell wall is secreted around the bulging 


Fig. 588. Pinnularia viridis 

Two daughter diatoms formed by divi- 
sion. (X 355). After Muller 



Fig. 589. Auxospore formation in the diatom Biddulphia mcbiliensis 

A, mature (iiatom ; B, contents of daughter cel! formed by division beginning 
to escape; C, D, late stages of escape; E-G^ further stagea in auxospore for- 
mation; first division of auxospore. (X 195). After Bergpn 


When less was known about the evolutionary lines in algae, 
the similarity between diatoms and desmids led some authorities 
to place the two in the same class. The differences between the 
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Fig. 590. Stages in conjugation of the diatom 
Cocconeis placentula, (After Geiller) 


diatoms and the desmids are all very fundamental, and are very 
characteristic of the Chrysophyta and Chlorophyia respectively. 

Thus, the color of the 
diatoms is brown, that of 
the desmids bright green. 
Reserve food stored in 
the diatoms is oil ; in the 
desmids, starch. The cell 
wall of the diatoms is of 
two silicified halves one 
of which fits into the 
other; the cell wall of 
desmids is, as in green algae, of 
cellulose. A comparison of diatoms 
and desmids indicates, therefore, 
that the differences b(‘tween the 
two are due to their belonging to 
distinct groups with separate an- 
cestry. Their similarities can be 
accounted for by parallel devel- 
opment, which may l>e taken to 
indicate a certain similarity in 
protoplasm. This in turn suggests 
that while the two may have Ix'en 
derived fn)m different flagellate 
ancestors, these ancestors them- 
selves were related. 

When diatoms decay or are di- 
gested by animals, the siliceous 
valves remain, and these fall in 
considerable quantities to the bot- 
tom of a body of water in w hich 
diatoms are abundant. Tremen- 
dous deposits of diatomaceous earth have been formed in this way. 
One of the most familiar uses of this material is in scouring prepara- 
tions ; but only a very minor portion of the diatomaceous earth used 
commercially is employed as scouring material. It is extensively 
used for filtering and for insulation. It has other important uses. 



Fig. 591. Micro»pore formation in 
Biddulphia mobiliensis ( X 200) 
and microspores of Coscinodiscus 
oculus. Compare Fig. 589 

After Bergon and Pavillard 





Fig. 592. Dinoflagellates 


Upper left, Gyninmitnium^ a form without plates; upper right, G<miaulax 
polyedra^ a form armored with plates; l)elo\v, stages in division of Ceratiiim, 
showing complete indiyulual, a stage in division, and young daughter cells. 
After Kofoid-Swezy, Conrad, and Lauterborn 
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PYRROPHYTA 
Class Dinophyceae 

Systematic position. In this chapter we have just considered the sub- 
division Chrysophyta, The Dinophyceae belong to still another division or 
subdivision, the Pyrrophyta, The Dinophyceae appear to be derived from 
or related to a class of flagellates, the Cryptophyceae, the two classes form- 
ing the division Pyrrophyta, The Dinophyceae are small organisms with a 
brown color. They are considered here for convenience and not because 
they are believed to be closely related to the Chrysophyta, 

General characteristics. The Dinophyceae are typically yellow-brown 
in color, and the stored food is either starch or oil. The great majority are 
motile unicellular organisms known as dinoflagellates. A few have naked 
cells, but nearly all have cellulose walls, which are often in the form of 
complicated sculptured plates (Fig. 592). A very characteristic feature is 
the presence of two grooves one of which encircles the cell transversely 
while the other runs longitudinally along one side. Where the grooves 
cross each other, two flagella are inserted. One is an undulating strip 
which lies in the transverse groove ; the other runs down a |K>rtion of the 
posterior groove and stretches out behind the cell (Fig. 592). The flagel- 
lum in the transverse gr(X)ve appears to l)c largely responsible for the 
rotation of the organism, and the other flagellum for the forward move- 
ment. The Dinophyceae are remarkable for the very large number of uni- 
cellular flagellate forms and the small development of other types. There 
are, however, unicellular non-niotile forms and very simple filamentous 
ones, and these reproduce by zoosfwres that have the typical appearance 
of dinoflagellates. Dinoflagellates reproduce asexually by the division of 
one cell into two dissimilar halves, after which each half develops anew 
the missing part (Fig. 592). Sexual reproduction has been reported in one 
of the Dinophyceae^ but indications are that it must be of very rare occur- 
rence in the class. 

Dinoflagellates are found in both fresh and salt water and are fre- 
quently abundant in warmer seas. They are often an important constitu- 
ent of the floating microscopic flora, and are thus an important source of 
food for marine animals. 



CHAPTER XXII 


PHAEOPHYTA (BROWN ALGAE) 

General characteristics. The brown algae are a very large 
group of algae with a predominating brown color, from which they 
get their name. They are nearly all marine. Very simple and primi- 
tive forms, which are so numerous in the green algae, are not known 
among the brown algae. The simplest forms are branched fila- 
mentous ones. While many of them are small and filamentous, 
there are many others which are characterized by large, tough, 
expanded thalli, and among them there is a great variety of forms. 
Owing to their large numbers and to the considerable size of many 
of them, the brown algae are very conspicuous objects along rocky 
coasts. While they are abundant in the tropics, they are even more 
prominent in colder waters. The characteristic floating vegetation 
of the Sargasso Sea (discovered by Columbus, who spent some 
days in pa.ssing through it in 1492) is one of the brown algae, 
Sargassum (Fig. 625). Brown algae are normally attached to a 
substratum, and it is generally believed that currents bring fresh 
supplies of floating Sargassum to the great whirl of the Sai^asso 
Sea from the coasts toward the southwest. To the brown algae 
belong the kelps, among which we find the largest of all submerged 
plants, some of which are many meters in length. Kelps often 
form immense beds in colder waters ; those off the west coast of 
the United States are well known. Also, in colder waters, brown 
algae form as a thick covering on rocks exposed by low tides. 

Cell structure. The brown algae are multicellular, and each cell 
is uninucleate. As in the green algae and higher plants, all of the 
brown algae have a well-developed nucleus and distinct chroma- 
tophores. The tfUcleus, like that of green algae and higher plants, 
has a definite limiting nuclear membrane and divides by the com- 
plicated process of mitosis. The chromatophores, in addition to the 
ordinary chlorophylls and carotin and xanthophyll found in green 

525 



526 The Plant Kingdom 

algae and higher plants, contain an additional brown pigment 
called fucoxanthin. The brown color is due to the fact that the 
browii pigments, carotin, xanthophyll, and fucoxanthin, and par- 
ticularly the last, mask the chlorophyll. In the brown algae, as in 
the green algae and higher plants, photosynthesis results in the pro- 
duction of saccharides, and in them food is stored in the form of a 
polysaccharide or as fat. However, there is the great difference 
that while in the green algae and higher plants starch (a poly- 
saccharide) is very prominent as a reserve food material, this 
substance is not known in the brown algae. In them another poly- 
saccharide, larninarin, is prominent. 

Reproduction. In the simplest of the brown algae sexual repro- 
duction is by the fusion of similar gametes. In some types it is by 
the fusion of large and small gametes, and in still others by the 
fertilization of large non-rnotile eggs by small motile spermatozoids. 
In the brown algae, therefore as in the green algae, we find various 
grades of sexual different iatiooT Most of the brown algae have an 
alternation of an asexual generation reproducing by means of 
asexual spores and a sexual generation which produces gametes 
(Fig. 593). Typically, the motile cells of the brown algae, whether 
zoospores, isogametes, heterogametes, or spermatozoids, have two 
flagella which are attached at the side in such a way that one 
flagellum is directed forward and the other backward. In some of 
the brown algae the sexual and asexual generations are alike except 
in the characters of the reproductive organs and sexual cells. In 
other cases the sexual plants are large, the asexual ones very much 
smaller. In still others the asexual plant is large, even of immense 
size, while the sexual plants are minute; this is true in the kelps. 
^In the FucaleSf to which the well-known genera Fucus and Sar- 
gassum belong, there are no zoospores, and reproduction is always 
due to the fertilization of a large non-motile egg by a small sper- 
matozoid. In the brown algae there are no resting reproductive 
cells, as both zoospores and the cells resulting from sexual fusion 
germinate without undergoing any period of rest. 

The division Fhueophyta contains a single class,* the PhMophyceae^ 
which different authorities divi<le into different nuniljers of orders. For 
convenience we will discuss five different types, each of which may be 
considered as representing a different order. 



Laminaria 


Dktyota 


Fic. S93. Four types of alternation of generations in the brown algae 

Each has one type of asexual plant and two (male and female) of sexual plants. 
In Ectoearpus ^1 plants are alike vegetatively. In CuUeria the asexual plants, 
in Laminaria the sexual, are small. Dictyola ditfers from Ectoearpus in that 
small motile spermatosoids fertilise large non-motile eggs 
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ECTOCARPUS OF THE ORDER ECTOCARPALES 

General characteristics. Ectocarpus is a very common filamen- 
tous alga found in salt water. The filaments grow in tufts and 
branch profusely (Figs. 594, 595). The numerous slender brown 
filaments give the plants a soft fuzzy appearance, and as they occur 
in nature they often form a dense fuzzy coating over the sub- 
stratum on which they grow. 

Sexual reproduction. In Ectocarpus there is an alternation of a 
sexual generation, reproducing by means of gametes which are 

very much alike, and an asexual gen- 
eration which produces zoospores (Fig. 
593). In vegetative structure the two 
types of plants are alike. The sex- 
ual plants are haploid and produce 
gametes. These are formed in elon- 
gated structures known as gametangia 
(Fig. 596). A garnet angium is com- 
posed of many small cubical cells in 
each of which a gamete is formed. The 
gametangium is called a multilocular 
gametangium because it contains many 
cells or locules. In common with other 
motile cells among the brown algae, 
each gamete has two laterally inserted 
flagella, one of which is directed forward and the other backward. 
The sexual plants all look alike, even including the gametangia and 
the gametes. Actually there are two kinds, one producing male 
gametes and the other female gametes. There may be a difference 
in size in the gametes produced by male and female plants, the 
female gametes being slightly larger than the male. The difference, 
however, is shown in activity rather than in structure, male gametes 
being attracted to a female gamete (Fig. 597). A number of male 
gametes may cluster around a single female gamete. Finally a 
male gamete fuses with the female gamete. 

Asexual reproduction. The resulting zygote formed by the 
fusion of a male and a female gamete germinates to produce an 
asaxpal nlant. This asexual plant is diploid, and in vegetative 



Fic. 594. Ectocarpus silicu- 
losus. ( X i) 
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structure is exactly like the sexual plant, but produces zoospores. 
These are of two kinds, formed in two different types of zoospo- 
rangia (Figs. 595, 598, 599). One type of zoosporangium is like the 



Fic. 595. Ectocarpus cylin- 
dricus, an asexual plant 
with two kinds of sporangia. 
( X 45) 

After Setchell and Gardner 



Fig. 596. Ectocarpus with multi- 
locular gametangia. ( X 145) 


gametangia of the sexual plants and is composed of many cubical 
cells. This type is known as a pluriiocular zoosporangium. A 
zoospore is formed in each cell (Fig. 598). These zoospores are 
diploid, and on germination give rise to other asexual plants like 
the one on which they were produced. It is not uncommon to find 
asexual Ectocarpus plants bearing only pluriiocular zoosporangia; 
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Fig. 597. Fertilization in Ectocarpm siliculosus 

Up|)er left, attachment of female gamete; upi)er right, many male gametes 
attached to a female gamete; below, fusion of male and female gametes. 
(X700). After Berthold 



Fig. 598. Ectocarpus siliculosus 


Leitf zoospores formed in plurilocular zoo- 
i^rangia and escaping; right, germina- 
UsMoi wooepote, (X250)« After Thuret 


and, as these zoosporangia 
have the same structure as the 
gametangia of sexual plants, 
it is not possible by looking at 
them to distinguish such ase.x- 
ual plants from sexual ones. 
The other type of zoosporan- 
gium is one cell, usually termi- 
nating a small branch, within 
which a number of zoospores 
are produced (Fig. 599). This 
type is called unilocular be- 
cause it is not divided up by 
cell walls as is the plurilocular 
zoosporangium. The first di- 
visions of the nucleus of the 
mother cell of the unilocular 
zoosporangium are meiotic or 
reducing divisions, so that the 
zoospores produced in the uni- 
locular zoosporangia are hap- 
loid. They produce haploid 
sexual plants, completing the 
alternation of generations. 
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In the life history of Ectocarpus there is, as outlined above, an alterna- 
tion between gametophytic plants, some producing male gametes and 
others female, and sporophytic plants w^hich produce diploid zoospores 
and haploid zoosjwres. There are various complications in the life history 
of Bkiocarpua which interfere with the strict alternation of gametophytic 
and sporophytic plants. The sporophytic plants may reproduce indefinitely 
by tlie production of diploid zoosj^ores. The gametes from the haploid 
ganieto[)hytic plants may germinate 
parthenogenetically ; that is, instead of 
fusing, they may act as zoosfxires and 
germinate directly to form other gameto- 
phytic plants. Thus the gametophytic 
generation, like the spcjrophytic one, 
may be jirolonged indefinitely. The 
hajiloid zoospores formed in unilocular 
sjKirangia may act as gametes and fuse 
to give rise to diploid gametophytic 
j)lants. In such a case the gameto- 
phj’tic generation is omitted. 

CVTLEHIA OF THE ORDER 
CVTLEHIALES 

General characteristics. Cidleria 
(Fig. 593) is very interesting on account 
of the tyiw of the alternation of gener- 
ations which it sho\i^ and tiecause the 
male and female gametes are very dif- Fic, 599. Unilocular sporangium 
fereiit in size (heterogametes). The of Ectocarpus. ( x 325) 

plants of the sexual and asexual gener- 
ations arc .so different from each other not only in size but also in struc- 
ture and ap|)earance that they were regarded as being different and 
unrelated ])lants ; and it has only been in comparatively recent times that 
they have been shown to be simply the sexual and asexual generations of 
tlie same plant. In the sexual generation there are two kinds of plants, 
male and female, wrhich are alike except for comparatively slight differ- 
ences connected with the garnet angia (Fig. 600), The sexual plants are 
of fair size and with many branches, while the asexual plant is a small 
flat thallus which is lol>ed rather than branched. 

Seittal reproduction. The gametes arc produced in gametangia found 
in hairy patches on the sexual plants (Fig. GOO). The male gametangia, 
found on male plants, are elongated stnictures bearing considerable re- 
semblance to the plurilocular gametangia of Ectocarpus. They are borne 
in large numbers on much-branched filaments. The female gametangia^ 






Fic. 601. Cutleria multifida 

Af the large female gameic; By the same at 
rest and surrounded by small male gametes, 
one of which, w, is shown in the act of fusion 



Fw. 603. A young asexual plant of Cutleria 
multifida grown in a culture. ( X 75) 


After Falkenberg 



Fic. 602. Zygote of 
Cutleria multifida and 
its germination 



Fig. 604. Cutleria 
multifida 

Asexual plant. (Natu- 
ral size) 
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produced by female plants, are much stouter than the male and produce 
comparatively few gametes. Both male and female gametes are biflagellate. 
The female gametes are very much larger than the male gametes. The 
difference is so great that in size the female and male gametes are like eggs 



Fic. 605. Asexual plant of Cutleria multifida 


Above, section showing zoosporangia at upper surface (x 130 ) ; below, z<k>- 
sporangia (X 665), zoospores (x 800), and germination of zoospore. (After 

Kuckuck) 

and spermatozoids. The zygote formed by the fusion of female and male 
gametes (Fig. 601) germinates (Fig. 602) to produce the small asexual 
plant (Figs. 603, 604). 

Asexual reproduction. The zoospores are formed in elongated saclike 
sporangia which are produced in large numbers on the upper surface of 
the small asexual plant (Fig. 605). When these zoospores germinate, they 
give rise to male and female plante. 
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LAMINARIA OF THE ORDER LAMINARIALES 


Kelps. The Laminariales are popularly known as kelps. Among 
those we find the largest and stoutest of seaweeds, some of them 
many meters in length. The longest of them are composed of long, 



stout cordlike structures with 
leaf like branches (Fig. 606). 
Among the kelps we also find 
treelike forms (Fig. 607), and 
many other interesting types of 
large stout plants (Fig. 608). 
The genus Laminaria is a large 
and prominent genus of the 
Laminariales, or kelps. Some 
si^ecies of Laminaria consist of 
long expanded sheets with a 
stout basal cord which is held 
to the substratum by a stout 
holdfast. Other species have 
branched thalli (Fig. 609). 

Asexual reproduction. The 
Laminariales show a very inter- 



Fic. 610 . Zoospores of Laminaria 


Fig. 609. Laminaria dentigera saccharina. (X 1200) 


Modified after Kjellman 


After Kuckuck 


esting type of alternation of generations (Fig. 593). They differ 
from any of the plants which we have considered in that the asexual 
generation is a large plant while the plants of the sexual generation 
are minute. The large conspicuous plant (Fig. 609) of Laminaria 
is, then, the asexual generation, and is diploid. It produces haploid 
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Fig. 611. Haligenia bulbosa 

Left, portion of a thallus showing a]>orangia among sterile filaments, the 
paraphyses; right, sporangia, paraphyses, and zoospores. (After Thiiret) 



Fig. 612. Laminaria saccharina 

Above and center, female plants with 
oogonia; below, male plants with an- 
theridia. (x 600). After Kuckuck 


zoospores (Fig. 610) in cylin- 
drical sporangia which occur 
in vast numbers on the sur- 
face of the thallus (Fig. 611). 

Sexual reproduction. As 
the zoospores are haploid, 
they give rise to haploid 
plants, some of which are 
male and others female. 
Both male and female plants 
are minute (Fig. 612). The 
male plants are small fila- 
ments which bear antheridia 
that produce spermatozoids. 
The female plants consist of 
only a few cells, sometimes 
only one ; any cell may be- 
come an oogonium and pro- 
duce a large non-motile egg. 
A spermatozoid fertilizes an 
egg, and the resulting zygote 
germinates to produce the 
large asexual plant. 


Fig. 613. Dktyota dichotoma 


A, habit of plant (X i) ; B, section through tetrasporangia showing stages in 
formation of tetraspores; C, surface view of thallus with tetrasporangia from 
some of which tetraspores have escaped ; germination of tetra^res. (All 
except habit afte^ Thuret) 




I’ic. 615. Diciyota dkhotoma 

Section through thalluB a„thmdia; alao epennatoaoids. 

Tnuret and Williams) 


(After 
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'^DICTYOTA OF THE ORDER DICTYOTALES 


General characteristics. One of the most interesting features of the 
brown algae is the diversity of types of alternation of generations found 
in the different orders. In 


Dictyota, as in Ectocarpus, 
both generations are alike 
in- vegetative structure 
(Fig. 593) ; but Dictyota 
differs in various features. 
In it large rion-niotilc eggs 
are produced by female 
plants and small motile uni- 
flagellate sjiermatozoids by 
male ones. A Dictyota jilant 
is a flat dichotomously 
branched thallus with rib- 
iKinlike branches (Fig. 61 3). 



Sexual reproduction. 

In the sexual generation 
of Dictyota there are tw’o 
kinds of plants, male and 
female. The female plants 
produce eggs in single- 
celled oogonia w’hich occur 
in patches on the surface 
of the thallus (Fig. 614). 
Spcrmatozoids are formed 
in tremendous numbers in 
groufis of antheridia Avhich 
are foynd on the surface of 
the male plants (Fig. 615). 
The eggs and sjiermato- 
zoids are discharged into 
the water, and an egg is 
fertilized by a spermato- 
zoid (Fig. 616). As in other 
brown algae with an al- 
ternation of generations, 
the plants of the sexual 
generation are haploid as 


Fic. 616 . Dictyota dichotoma 


Section through egg. Three of the many sper- 
matozoids which were attat^hinl to it are dra^m. 
Note difference in size between egg and sper- 
matozoid. (.\fter Williams) 



the gametes are, while the Fic. 617 . Padina austraUs, a reUUve of 
fertilized egg is diploid. Dictyota. ( x f) 



Fic. 618. Fucu$, a brown alga 

A, complete plant, showing holdfast attached to rock and expanded fertile tips 
of thallus (X i). The dots in the fertile tips are openings into flask*shap^ 
conceptacles containing gametes (eggs and spermatosoids ; whether in the same" 
conoeptacles or on different plants depends on the species). B, section of con- 
ceptacle showing branched antheridial filaments and oval oogonia, each when 
mature containing eight eggs (x 65). C, antheridial filament with numerous 
antheridia, each containing many spermatosoids (X 160) 
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Asexual reproduction. The fertilized egg germinates to produce a 
diploid asexual plant. The sjx)res produced by these asexual plants are 
very different from those found in other orders of brown algae (Fig. 613). 
We have seen that in Ectocarpus, Cuileria^ and Laminaria the asexual 
spores are bifiagellate zoosjx)res. In Diclyota the asexual spores are large 
non-niotile ones which are known as tetraspores. They get their name 
from the fact that four of them are 
produced in a sporangium. The 
sporangia are knoviTi as tetraspo- 
rangia; they are large rounded 
structures found in patches on the 
surface of the thallus of an asex- 
ual plant. On germination the 
tetrasjxires give rise to sexual 
plants, some of which are male 
and others female. Meiosis occurs 
during the nuclear divisions in the 
tetrasj)orangium, so that the tet- 
raspores are haploid. 

FI CUS OF THE ORDER 
FUCALES 

General characteristics. The 
genus F\ic\is is a very common 
marine alga, widely distributed 
in colder waters (Fig. 618). 

The FxiraJes differ from the 
other orders of brown algae in 
that they do not produce asex- 
ual reprcKluctive cells, reproduction being always due to the ferti- 
lization of an egg by a spennatozoid (Fig. 619), There is therefore 
no alternation of distinct asexual and sexual plants. A Fucus 
plant consists of a flattened, dichotomously branched thallus with 
a stout basal stipe connecting the expanded thallus to the stout 
holdfast. In the thallus of some species there are sw’ollen places 
or bladders which are filled w ith air. The tips of the branches are 
also sw^ollen, and it is in these swollen tips that reproductive cells 
are produced. They are found in flask-shaped structures known 
as conceptacles which are embedded in the swollen tips. Numer- 
ous unbranched multicellular sterile hairs known as paraphjrses 



Fig. 619. Fucus vesiculosus 

Above, antheridium from which sper- 
matozoids are escaping; and below% 
a single egg sumiunded by many sper- 
matozoids. (x 330). After Thuret 
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grow from the lining of the conccptacle into the cavity. Among 
these are found the oogonia and antheridia (Fig. 618). 

Reproduction. Depending on the species, both oogonia and 
antheridia may be found in the same conceptacle, or all concep- 
tacles of one plant may contain only oogonia or only antheridia. 
In the first case the plants are bisexual (that is, they produce both 
male and female reproductive cells) ; in the second, the plants are 
unisexual and are of two kinds, male and female. 

The antheridia are oval saclike structures which are borne in 
considerable numbers on much-branched special filaments (Fig. 

618). The antheridia contain a large 
/ I number (sixty-four) of spermatozoids 

( / (Figs. 619, 620). The oogonium consists 

^ oogonium proper, 

m oogonium is formed from a single 

1 ^ \ cell, and when ripe contains eight eggs 

\ \ 1 (Figs. 618, 621). 

\ / J The oogonium when young has a single 

\ I nucleus. This nucleus divides to form eiglit 

nuclei, and then the protoplast divides up 

Fic. 620. Spermatozoid. of each containing one of 

Fucus, (X 1100) the nuclei. The eight eggs are surrounded 

by the wall of the mother cell (Fig. 621). 

^ The antheridiuni, like the oogonium, starts 

as a single cell. Its nucleus divides to form 
32 nuclei, and the proto])last then divides up to form 32 parts, each con- 
taining one of the nuclei. There is one more division, and this results in 
the formation of 64 sf>ermatozoids. Wien the antheridiuni ripens, the 
outer part of the wall dissolves at the tip, and the s])crmatozoids in one 
mass still surrounded by the inner layer of the antheridium wall are dis- 
charged through the ojiening in the outer layer ; finally one end of the 
inner layer of the wall dissolves and the spermatozoids are set free. Like- 
wise when the eggs are discharged they are in one mass still surrounded 
by the two inner layers of the oogonium wall ; the outermost of these 
membranes goes to pieces at the tip end, and the eggs in one mass still 
surrounded by the innermost membrane escajie ; one end of the inner- 
most membrane then goes to jiieces, and the eggs are set free. The eggs 
are very l&rge, and float in the water, where they may become surrounded 
by a swarm of spermatozoids so numerous that the egg is actually set in 
motion and begins to rotate. One spermatozoid finally enters the egg and 
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fertilizes it. The fertilized egg, or zygote, develops directly into a new 
Fiu:ii8 plant (Figs. 622, 623). 

Alternation of generations in Fucus. The Fvcus plant is diploid. 
Meiosis, or reduction in the number of chromosr>mes, takes place in the 
first two cell divisions of the antheridium and oogonium respectively. 



Fig. 621. Fucus vesiculosus 


Escape of eggs from oogonium : .4, single oogonium surrounded by sterile fila- 
ments ; W, contents of the oogimium surrounded by two layers of the oogo- 
nium wall have escaped from the outer layer of the oogonium wall ; C -E, 
escape of eggs surrounded by the inner layer of the CKig^mium wall from the 
middle layer of the tx^gonium wall ; F, escape of eggs from inner layer of 
oogonium w'all. (After Thuret) 

Therefore at the four-nucleate stage of both antheridium and oogonium the 
nuclei are haploid. From this it follows that, beginning with the four- 
nucleate stage and continuing until the forntation of spermatozoids and 
eggs, the nuclei of the antheridium and oogonium are haploid. The diploid 
condition is restored when the egg is fertilized by a spennatozoid. 

^In Fticus there is no alternation of two distinct and independent kinds 
of plants. For this reason some botanists say that in Fttcm there is no 
alternation of generations. However, a diploid gametophydie is certainly 
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exceptional, and we have noted that the gametophytes in the other groups 
of brown algae are haploid. Some authorities suggest that the Fvcus plant 
may represent an asexual generation and the gametes a sexual one. In 
Ixminaria the female gametophyte may consist of only a single cell the 

contents of which form an egg. It 
has been suggested that in Fmus the 
reduction of the gametophyte is more 
extreme and that the asexual spores 
have become modified and function 
directly as gametes. If we assume that 
there was a regular alternation of gen- 
erations in the ancestry of Fiwus it 
may he that there was a gradual re- 
duction in tlie ganietophjiie, but such 
an assumption is not the only possible 
one. It has been pointed out that in 
Ectocarpm hajdoid zoos])ores formed 
in unilocular zoosporangia may, in- 
stead of producing sexual plants, func- 
tion as gametes. It is jwssible that 
such a condition became ixjrmanent 
in some distant ancestor of Fuem. It 
should 1)6 remembered that tliese ideas 
as to alternation of generations in the 
ancestrj’' of Fiicus are based on anakJgy 
with other groups in the Phaeophytd, 
Such views as tliose mentioned al)ove 
are therefore highly six'culative, and 
the possibility is not excluded that the condition found in Fucm may 
have original in some other way ; for example, that the Fvcus plant 
evolved from the diploid phase of a unicellular ancestor. 



Fic. 622. Germination of egg of 
Fucus vesiculosus, ( X 160) 

(After Thuret) 


RELATIONSHIP 

The relationship of the Phaeophyta may be with the Chrysophytaf 
as is indicated by the facts that they have a brown color^ that they 
do not produce starch, and that typically the reproductive cells 
have two unequal flagella, one of which projects forward and the 
other backward. In the Phaeophyta^ however, the nature of the* 
stored food and the insertion of the flagella are very distinctive, 
and the differences between all the Phaeophyta and all known mem- 
bers of the Chrysophyta are so great that the two groups are genet- 
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ally regarded as distinct. If there appear to be no very simple mem- 
bers in the Phaeophyta, this may be because such forms died out 
long ago. The absence makes it impossible to trace the known 
brown algae back to simple ancestors. However, the brown 
algae have in common sufficient distinctive characters to indi- 
cate that they all had a common ancestor. Prominent among 



Fig. 623. Diagram of life history of Fuaa 

these distinctive common characters are the structure of the 
motile cells, the pigmentation of the chromatophores, and the 
products of photosynthesis. 

' ECONOMIC USES 

The economic importance of the brown algae is comparatively 
slight. Some of the kelps are rather extensively used as food in 
China and Japan. The ash obtained by burning kelps and Fucu« 
is a source of iodine, and, ^ it is rich in potassium, has been used 
for producing this element when economic conditions permitted. 



CHAPTER XXIII 

RHODOPHYTA (RED ALGAE) 

General characteristics. The red algae compose a very large 
group of small or medium-sized plants, and include the majority of 
seaweeds. They are predominantly marine ; there are only a few 
fresh-water representatives. The red algae are frequently abundant 
along the coasts, and arc often objects of great beauty. The name 

refers to the red or purple 
color which is characteristic 
of the great majority of the 
red algae. The color is due 
to a red pigment, phyco- 
erythrin, which is usually 
present in such abundance 
as to mask the chlorophylls 
and carotinoids. Phyco- 
cyanin, the blue pigment so 
characteristic of the blue- 
green algae, has l)een found 
in many of the red algae. 
A close study may show 
that it is characteristic of 
the whole group. The pigments of the red algae occur in definite 
chromatophores. While the red color is very prominent in the red 
algae as a w'hole, there are many in which the red pigment is less 
prominent with the result that the plants are greenish, olive, or 
brown in color. This is true of the majority of fresh-water forms 
and of many marine forms growing in shallow waters. In such 
cases the general character of the plant body, and particularly of 
the reproductive organs, shows clearly that the individual belongs 
to the red algae. 



Fic. 624. Apical cell of Fucus furcatus 

Left, section through apical coll made at 
right angles to the surface of the thalliis; 
left, section made at right angles to proceed- 
ing section. (x 125). After Wood \vc»rth 
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Fic. 626« Turbinaria^ one of the Fucal^s closely related to Sargauum. (X 
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The variety in structure and appearance among the red algae is 
very great (Figs. 628, 629, 637). They are attached to the sub- 
stratum by disklike holdfasts or special filaments. Often the plant 
consists of a mass of slender branched filaments (Fig. 628), in many 
species there are large and small branches (Fig. 629), while ex- 
panded thalli are also numerous (Fig. 628) ; these may be un- 
branched or may branch in a great variety of ways. 



Fic. 627. Ascophyllum nodosum, «ne of the 
Fucales closely related to Fucus. ( X 


An important charac- 
teristic of the red algae is 
that there are no flagellated 
reproductive cells. Sexual 
reproduction is never isog- 
amous, but is always due 
to the fertilization of a 
large female cell by a small 
male cell. The nucleus of 
the red algae, except in the 
simpler forms, is highly de- 
veloped, is bounded by a 
definite limiting nuclear 
membrane, and divides by 
the complicated process of 
mitosis (Fig. 630). Such 
nuclei are very much like 
those of higher plants in 
both structure and method 
of division. 


Sexual reproduction. The reproductive organs of the red algae 
are so different from those of other algae that they have been given 
distinctive names. The female reproductive organ which coite- 
sponds more or less to the oogonium of the green algae is known 
as a procarp (Figs. 631, 632). In fairly simple forms the procarp 
has a swollen basal portion (known, as a carpogonium) which 
contains the female nucleus, and a long slender projection, the 
trichogyne (Fig. 631). The antheridia are single-celled struc-. 
tuies (F^. 631, 636) ; in some cases the contents are discharged 
as non-motile male cells, in other cases the whole antheridium 
acts as the male cell. 
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When the male cells are discharged they are, in some cases, surrounded 
by cell walls. In others they have been reported as being naked, but as 
soon acquiring ceil walls. 

The male cells, having no motility of their own, are carried by 
the movement of the water, and it is by chance that they come in 



Fig. 629. Two beautiful branching forms of red algae 
Left, Dalesseria ; right, Dosya elegans 


contact with the tips of the trichogynes (Figs. 631, 632, 636). When 
a male cell is caught on a trichogyne the cell walls between the two 
are dissolved, and the nucleus of the male cell enters the trichogyne, 
passes through it, and fuses with the female nucleus. 

Carpospores. In the red algae the fertilized female cell does not 
germinate to produce a new plant, but further development ensues 
which results in the formation of asexual spores known as carpo- 
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spores. Usually these are formed at the ends of branches which 
are outgrowths of the carpogonium (Figs. 631, 636) or of a larger 
mass formed by the fusion of neighboring eells (Figs. 638, 641). In 


any case the nucleus of the carpo- 
spore is a descendant of the ferti- 
lized female nucleus. 

Alternation of generations. In 
the simpler red algae the carpo- 
spores, on germination, produce 
sexual plants (Figs. 6^31, 634). In 
the majority of red algae, how- 
ever, the carpospores give rise to 
asexual plants which bear tetra- 
spores. The tetraspores get their 
name from the fact that four of 
them are borne in a tetrasporan- 
gium (Fig. 6:32). The tetraspores, 
on germination, produce sexual 
plants. In the great majority of 
red algae there is, then, an alterna- 
tion of an asexual generation con- 



Fic. 630. First meiotic division in 
Polysiphonia violacea 

After Yamanouchi 



Fig. 631. Nemalion multifidum 

A, antheridia, consisting of groups 
of small cells, each of which devel- 
ops a single male cell ; the vegeta- 
tive branch at the right illustrates 
the met hod of terminal growth and 
the protoplasmic connections be- 
tween the cells. B, the female cell, 
or carpogonium, c, with its tricho- 
gyne, f, to which are attached 
three male cells. C, early stage in 
the development of the cystocarp ; 
the trichogyne above has begun to 
wither. D, mature cystocarp com- 
posed of fertile filaments which 
develop the carpospores, cs, termi- 
nally; tcf, witheiW trichogyne 


p.l 




m\ 


Fig, 632. CallUhamnion corymbo$um 

Af portion of a plant with antheridia ; a small branch showing the begin* 
ning of the development of a procarp on the left; C, somewhat oI«l stage of 
procarp development ; the procarp consisting of several cells is mature and 
has a long trichogyne, t; E, a male cell is seen united to the trichogyne; 
F, 0, early stages in carpospore formation ; //, mature carpospores ; /, por- 
tion of tetrasporic plant with tetrasporangia in various stages of development, 
four tetraspores escaping from a ripe tetrasporangium. (After Thuret) 
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sisting of a tetrasporic plant and a sexual generation consisting of 
male plants and female plants (Figs. 632, 633). In such cases the 
fertilization of the female cell, or carpogonium, results in the pro- 
duction of carpospores, which, on germination, give rise to tetra- 
sporic plants. 



Fic. 633. Corallina mediterranea 

At portion of a branch with antheridial conceptacles; B, section showing car- 
pospores; C, section of antheridial concept 4 icle showing antheridia; D, section 
showing tetraspores. (After Thiiret) 

ISEMALIOIS 

Reproduction. The genus Nemalion may be taken as an ex- 
ample of one type of red algae. The plant body consists essentially 
of branched filaments (Fig. 631). The antheridia are single-celled 
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structures which are home in clusters at the ends of short branches. 
The male cell, which contains two nuclei, is discharged from the 
antheridium. The procarp consists of two parts : a swollen por- 
tion, the carpogonium, which contains the female nucleus, and a 
long slender structure, the trichogyne, which projects from the 
carpogonium and which contains a nucleus that degenerates. One 



Fic. 634. Batrachospermum 
Habit of portion of plant. ( X 6) 



Fig. 635. Batrachospermum 
showing whorls of branches 

The dense rounded masses of 
cells near the periphery of the 
whorls are cystocarps. ( X 46) 


or more male cells may come in contact with the trichogyne. The 
walls separating the contents of the trichogyne and a male cell are 
dissolved, and the contents of the male cell pass into the trichogyne. 
One of the nuclei of the male cell then moves down through the 
trichogyne and fuses with the female nucleus, thus fertilizing the 
carpogonium. Short branches then grow up from the carpogonium, 
and an asexual spore, known as a carpospore, is formed at the tip of ^ 
each of these branches. When a carpospore germinates, it produces 
a new Nemdim plant. The carpogonium plus the filaments and 
carpospores is known as a cystocarp. 




Fig. 636. Batrachospermum monUiforme 

i4, antheridial branch with rounded antheridia. early stage in development 
of carpogonium; the uppermost cell is the carix>gonium, at the tip of which 
the trichogyne is developing. T, D, later stages in the development of car- 
pogonium and trichogyne. male cell has fused with trichog^Tie and male 
nucleus is fusing with the carpogonium nucleus. F, the male and carpogonium 
nuclei have fused. the carpogonium is beginning to send out a branch; 
below on either side are sterile branches which will form part of the covering 
of the cystocarp. H, a second branch is growing from the carpogonium. /, 
further stage in branching of carpogonium ; the sterile covering of the cysto- 
carp is much further developed. J, carpospores. fC, a single carpospore. 
Zr-AT, germination of carpospore. (After Kylin) 

the first tw6 divisions of the carpogonium nucleus ; so the branches which 
give rise to carpospores, and the carpospores themselves, are haploid. 
In Nenudum^ therefore, there is an alternation of a plant producing sexual 
organs and a stage which results in the formation of asexual carpospores, 
but there is no alternation of diploid and haploid plants. 
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^Batrachospermum. Batrachospermum is a rather common red 
alga living in fresh waters. In Batrachospermum there are large 
branches which are cylindrical and from which grow whorls of 
branching filaments (Figs. 634, 635). The life history is similar to 
that of Nemalion (Fig. 636), but the cystocarp is more like that of 
most red algae (Fig. 637) in that sterile filaments grow from cells 
near the carpogonium and form a covering around the carpospores 
(Figs. 635, 636). 



Fic. 637. Acanthosporea therii 

Left, habit (x i) ; right, branch of a female plant with many cystocarps (x 4) ; 
center, a cystocarp with carpospores. (X 16) 


POLYSlPHOmA 

General characteristics. Polysiphonia is a very common marine 
alga, and is a classic example of the complicated type of alter- 
nation of generations found in the red algae.' The thallus con- 
sists of branched multicellular filaments (Fig. 628). As in many 
red algae, there is a central row of cells, known as the central 
siphon, which is surrounded by peripheral cells formed from it. 
Between the cells there are the prominent protoplasmic connec- 
tions which are so characteristic of the red algae. 

Seztiai reproduction and cystocarp formation. In Polysiphonia 
there is an alternation of an asexual generation producing asexual 
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tetraspores and a sexual generation consisting of male plants and 
female plants. There are thus three types of Polysiphonia plants. 
These are plants with tetraspores, plants with antheridia, and 
plants with cystocarps. These three kinds are so much alike that 
they cannot be distinguished by the naked eye. The antheridia 
arc small single-celled structures, and are borne in large numbers 



Fic. 638. Polysiphonia 

a V)ranrh of a male |)lant with large club-shaped antheridial branches; 
center, section of vegetative portion of thallus; right, branch of female plant 
with cystocarp containing carpospores; lower right, a single carpospore 

on antheridial branches (Fig. 638). The procarp of Polysiphonia 
and the method in which cystocarps are produced are more com- 
plicated than in NemaUon (Fig. 631). As in other red algae show- 
ing an alternation of generations, the procarp consists of several 
cells. As in Netnalion and most red algae, there is a carpogonium 
with its nucleus, and projecting from it a trichogyne with its 
nucleus. As is usual in red algae, a male cell comes in contact with 
the trichogyne ; the walls between the two are dissolved ; and the 
male nucleus migrates through the trichogyne and fertilises the 
female nucleus in the carpogonium. The branches which give rise 
to carpospores do not grow from the carpogonium itself but from a 
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much larger aggregate which is formed by the fusion of neighboring 
cells and is supplied with nuclei derived from the fertilized female 
nucleus. While the carpospores are being formed, the characteris- 


tic um-shaped envelope of 
the cystocarp is produced 
from the peripheral cells 
of the branch which gave 
rise to the cystocarp. 



Fic. 639. Diagram of an* 
theridial branch of Poly- 
siphonia 

Note successive stages in 
cutting off of antheridium 
which functions as a male 
cell. (After Yamanouchi) 



Fic. 640. Diagram of carpogonium of 
Polysiphonia 


St cell of central siphon; p, peri- 
central cell ; c, canx)gonium from 
which trichogyne is developing. 
Right, an older stage. The cells of 
the carpogonial branch are shown in 
dotted lines. Numerous auxiliary 
cells have develo{)ed from the peri- 
central cell and one is between the 
pericentral cell and the carpogonium. 
The arrow shows the direction in 
which the nuclei migrate from the 
carpogonium to the pericentral cell. 

(Modified after Yamanouchi) 


Antheridia of Polysiphonia. An antheridial branch consists of an 
axial row of cells or axial siphon, from which grow numerous lateral 
branches. A lateral branch consists of a stalk cell and an antheridium 
mother cell. From the antheridium mother cell there is constricted off a 
single-celled antheridium (Fig. 639). The antheridium, without under- 
going any change, functions directly as a male cell. The contents do not 
escape but remain within the wall of the antheridium, which thus serves 


561 


Rhodophyta (Red Algae) 

as a wall for the male cell. After the separation of the first antheridium, 
others are successively constricted off from the mother cell in the same 
manner. 

Procarp of Polysiphonia. The first stage in the formation of the 
procarp is that the central siphon gives rise to a large lateral cell, the peri- 
central cell (Fig. 640). From the pericentral cell there grows out a car- 
pogonial branch consisting of four cells, the apical one of which forms the 
carpogonium with its trichogyne. The nucleus of this cell divides into two, 
one of which remains in the base of the carpogonium and functions as an 
” egg,” or carpogonium nucleus, while the 
other moves into the trichogyne and ulti- 
mately disintegrates. 

Fertilization and carpospore formation. 

By the time that the male nucleus has fused 
with the ”egg,” or carjwgonium nucleus, 
the i^ericcntral cell has given rise to a num- 
ber of cells known as auxiliarj’' cells. One 
of these? lies between the carjX)gonium and 
the iM?ricentral cell and becomes connected 
with both of these cells. The fertilized nu- 
cleus of the carpogonium has by now divided 
into two, both of which migrate from the 
carix)gonium through the auxiliary cell just 
mentioned into the ix'ricentral cell (Fig. 
f)40). The carpogonium and its stalk cells 
finally disintegrate. The })ericentral cell 
Ix^comes fused with the auxiliary cells and 
finally with the cell of the central siphon. 

The original nuclei of the ixTicentral and 
auxiliary cells disintegrate, the fusion mass 
being supplied with nuclei derived from the division of the fertilized car- 
pogonium nucleus. From the fusion mass there grow out lobes, the ends 
of which are constricted off as carix}spores (Fig. 641). In this way sixty 
or more carpospores are produced. 

Asexual reproduction and alternation of generations. The 

carpospores are asexual spores. When these geraunate and pro- 
duce new plants, these new plants are also asexual and produce 
asexual tetraspores. The tetrasporangium containii^ the four 
tetraspores is a rounded structure attached by a stalk cell to the 
central siphon. The tetrasporangium, therefore, is between the 
central siphon and the peripheral cells, and is thus inside the fil»- 



Fic. 641, Pofysiphonia 
violacea 

Section of cystocarp show- 
ing formation of carpospores. 
(After Yamanouchi) 
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BANGIALES, THE SIMPLER RED ALGAE 

General characteristics. The great majority of the red algae are 
complicated structures such as we have considered. There are, however, 
some with a much simpler organization w^hich are placed in the order 
Bangiales, Two of the best-knowm genera of the Bangiales are Bangiay in 
whicli the plants are unbraiiched filaments (Fig. 643), and Porphyra, in 
which the plant is a delicate sheet one cell in thickness (Fig. 644). The 
simplest of the Bangiales and of all the red algae is Porphyridiumy in which 
the plant consists of a single cell (Fig. 645). The cells of the above- 
mentioned plants are characterized by having a 
single large stellate chroniatophore, in the center of 
which is a colorless body, the i)yrenoid. There is a 
single nucleus, which in a resting condition appears 
to be dense and homogeneous and resembles a nu- 
cleolus. The division of the nucleus is not like that 
in higher plants, but appears to l>e somewhat inter- 
mediates between mitotic division and amite)sis. In 
fact, the process of nuclear division, particularly 
that in Porphyray has i)ecn descril)cd as showing 
much similarity to the division of the central body 
in certain of the l)lue-green algae. 

Reproduction. The reiiroduction in Porphyra 
may be taken as an example of reproduction in 
the Bangiales (Fig. 644). In Porphyra all of the 
plants have the same general aj)ix‘araiice, but there Fic.643. Bangiaver^ 
are two kinds, male and female. The female plants micularis, (x i) 
produce carpogonia, which are, however, only 
slightly modified vegetative' cells. The modification consists primarilj’' in 
a small projection or i)aj)illa winch may l>e regarded as a rudimentary 
trichog>me. The antheridia occur in the male plants. They are produced 
from vegetative cells, the contents of which divide up to produce a con- 
siderable number of male cells. The male cell is carried by the water to 
the trichogyne as in other red algae. The nucleus of the male cell enters 
the trichog>me, passes in, and fuses with the nucleus of the carpogonium. 
The contents of the carpogonium then divide up to form a number of 
carpospores. The sexual organs in this case are certainly much simpler 
than those in most of the red algae, and are generally regarded as more 
primitive. 

Porphyridium. The Parphyridiim plant is, as mentioned above, com- 
posed of a single cell (Fig. 645). The only known method of reproduction 
is by the division of a cell into two. Sexual reproduction is unknown. 
Porphyridium is a terrestrial alga, growing on damp soil and walls. It is 




Fic. 644. Porphyra 

i4, habit of plant. jB, section of the thalliis, which is a single cell in thickness; 
in the section are shown a single cell and parts of two neighboring cells; the 
branching structure which appears to occupy most of the cell is a chromato- 
phore, in the center of which is a large pyrenoid ; the black dot to the left is a 
nucleus. C, stages in division of nucleus. Z>, F, division of cells to form 
antheridia. G, male cell. carpogonium with male cell in contact with 
trichogyne. (All except habit after Ishikawa) 



Fic. 645. Porphyridium cruentum 

Upper left drawing shows structure of a resting cell. Most of the cell appears 
to be occupied by the chromatophore. The large black spot in the center of the 
chromatophore is the pyrenoid. The black spot to the right and near the wall 
is the nucleus. The following drawings illustrate stages in division and recon- 
struction of the nucleus. (After Lewis and Zirkle) 
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certainly the simplest of the known red algae. It is, however, such an 
isolated form that it is difficult to establish its position. It is not easy to tell 
whether its simplicity is due to its being a primitive form or whether it is a 
reduced form and its simplicity is an adaptation to a terrestrial habitat 
as in the case of Protococcus among the green algae. 

RELATIONSHIP OF RED ALGAE 

The red algae are so distinct from other algae that their origin 
and relationships have long been considered as obscure and ques- 
tionable. Their red color, lack of motile cells, and specialized 
sexual reproduction mark them off sharply from those groups of 
algae which can be traced back to a flagellate origin. They form, 
therefore, a distinct series. It is interesting that in some of the blue- 
green algae we find phycoerythrin, the red pigment which is so 
characteristic of the red algae; also that many of the red algae 
contain phycocyanin, the blue pigment of the blue-green algae. 
Another point of similarity between blue-green and red algae is 
that both groups lack flagellated cells. 

The similarity in pigments in the blue-green and red algae, the 
lack of flagellated cells in both groups, and the simple character of 
the nucleus of the simpler red algae suggest a possible relationship 
between the red and the blue-green algae. Such a relationship 
would explain the lack of motile cells in the red algae. It would also 
explain the occurrence in the red algae of the red pigment phyco- 
erythrin and the related blue pigment phycocyanin, which are 
found in the blue-green algae. 

To one who has not learned the exactness demanded by science it 
might seem logical to think of Porphyridium as a primitive red alga de- 
scended from a blue-green ancestor. The more complicated members of the 
BangialeSf such as Porphyra, might then be thought of as being derived 
from such forms as Porphyridium, and the higher red algae in turn from 
the Bangiales. However, it should be remembered that it is very hard to 
tell whether the simpleness of Porphyridium is due to its being primitive 
or whether it is a reduced form. 

The red algae are sharply marked off from the blue-greens by the 
presence of definite chromatophores and their highly differentiated sexual 
reproduction. While there may be some relationship between the blue- 
green and the red algae, this relationship can hardly be close. 



CHAPTER XXIV 

MYXOMYCETES (SLIME MOLDS) 

General characteristics. We have seen that the flagellates 
combine animal and plant characteristics. The Myxomycetes are 
another relatively simple group which show a combination of fea- 
tures found in plants with others which are more characteristic 
of animals. Owing to these facts there has l^een considerable dis- 
agreement as to their place among living things. Many authorities 
believe that they should be considered as plants, while others 
maintain that they belong in the animal kingdom. The Myxomy- 
cetes lack photosynthetic pigments; therefore they must, like 
animals, obtain their food in organic form. During their vegeta- 
tive development they consist of naked protoplasm and are very 
much like animals not only in nutrition but also in structure 
and movement. They form fruit bodies with plantlike features, 
however, including spores with cellulose walls. It appears that 
they have developed from flagellates, perhaps flagellates which 
lacked plastids; that they have retained the animal-like char- 
acteristics of their flagellate ancestors ; and that, like other plants 
which have developed from flagellates, they have acquired plant 
characteristics. 

Sporangium. The fruit body of SiemonitiSy a common and 
widely distributed form, will serve as a convenient starting point 
for the discussion of the group (Fig. 646). The fruit bodies often 
grow together in clumps of considerable numbers. An individual 
fruit body consists of an elongated terminal sporangium with 
a slender stalk. The stalk continues into the sporangium as a 
column, known as a columella. The sporangium is covered by a 
firm membrane, the peridium. Around the columella and springing 
from it is a network of threads, the capillitium ; and tangled in the 
capillitium are very numerous spores (Fig. 647). The peridium of 
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Stemonitis is thin, and breaks to pieces when the sporangium is 
mature. The capillitium is hygroscopic, and the spores are scat- 
tered by its movement and 
the action of the wind. 

Tiie sporangia of the M yx- 
omycetes are usually very 
small, and there is consider- 
able variety among them 
(Figs. f)4r>- G49). Some have 
stalks, others do not. In 
man}' the individual sporan- 
gia are separate, in others 
they coalesce to a greater or 
less extent. Tsually there is 
one sporangium to a stalk, 
but tliere may be more. In 
many genera there is no 
columella. 

Life history. The spores 
of the Myxomycetes re- 
main inactive as long as 
they are dry. When placed 
under proper conditions, 
including sufficient mois- 
ture, they germinate (p"ig. 

650). The contents swell ; 
the spore wall is ruptured ; 
and (usually) a single pro- 
toplast emerges. This soon 
becomes f^ar-shaped and 
develops a single flagellum 
at the anterior end. Dur- 
ing this stage it is known 
as a swarmspore. The 
swarmspore may move by 
means of its flagellum or 
by amoeboid movements. 

After a time it loses its flagellum and comes to be like an amoeba 
It is then known as a myxamoeba. The myxamoeba is irregular 



Fig. 646. Stemonitis 

Center, group of sporangia; left, single 
sporangium with peridiiim intact ; right, 
capillitium Jifter disappearance of peridium 
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in shape, and moves about, as do amoebae, by sending out pro- 
toplasmic processes and crawling by movement of the protoplasm. 
Both the swarmspore stage and the myxamoeba stage increase in 
numbers by division of one individual into two. They ingest solid 
particles, including bacteria. The bacteria are surrounded by vac- 
uoles which do not contract, and in these they are digested. 



Fic. 647. Hemitrichia 

A and B, stages in development; C, a mature sporangium unopened, with 
peridium intact, another with capillitium showing, with peridium broken, and 
another after disappearance of peridium ; D, threads of capillitium and spores. 

(A, B, C, X 16; D, X 250) 

After a time division ceases and the myxamoebae come to- 
gether and fuse in pairs (Fig. 650), the fusion of the protoplasm 
being followed by a fusion of the nuclei. These amoebozygotes do 
not enter on a resting stage, but continue active and come together 
and unite in considerable numbers. The nuclei, which are now 
diploid, do not fuse further but divide repeatedly, giving rise to 
lai^ numbers of nuclei. In this way there may be produced a con- 
siderable mass of naked protoplasm (Fig. 651) with various colors, 
often yellowish or brownish, and with a consistency not unlike that 
of the white of an egg. There are no cell walls, and the numerous 
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Fic. 648. Arcyria 

In the group to the left are a specimen with a peridium intact, others in which 
the peridium is breaking, and one from which the peridium has disappeared 
except for the cup at the base. The group to the right shows the extent to 
which the capillitium expands after the disappearance of the peridium. (X 15) 



Fic. 649. Two Myxomycetes 

Left, Camatrieha (X 20) ; note columella. Right, Trichamphora (X 10) 




Fig. 650. Germination of the spore and development of amoeba in a 
myxomycete, Trichia varia 

Above, the germination of a spore, swarmspores, and transition to myxa- 
moeba; below, myxamoeba and the fusion of two myxamoebae. (After De Bary 

and Cienkowski) 



Fig. 651. Plasmodium of Didymium serpula. ( X 1) 
After Cienkowski 
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nuclei are distributed in the protoplasm. This mass is known as a 
plasmodium. It has no definite form, but may creep or stream 
about, and in doing so may take on very varied shapes. The 
plasmodium is like a giant or compound amoeba. It is owing to the 
slimy appearance of the plasmodium that the Myxomycetes are 
called slime molds. The plasmodium may increase in size by coa- 
lescing with other plasmodia or 
ingesting myxamoebae, or it may 
divide into two or more plasmo- 
dia by fragmentation. In moving 
about it takes in solid particles, 
such as bacteria and various kinds 
of debris, including small pieces 
of bark and leaves. A few ingest 
living fungi. The food material 
is digested and waste material left 
behind as the plasmodium moves 
on its way. The plasmodia are 
found in moist places, as in damp 
woods, around rotten logs, and 
on decaying leaves. The life his- 
tory of a myxornycete, from the 
swarmspores to the formation and 
development of the plasmodium, 
shows very little resemblance to 
that of ordinary plants and is very 
animal-like in character. 

WTien the plasmodium is ready 
to form sporangia, its reactions to external conditions change and 
it creeps up into a lighter and drier place which is better suited 
to the scattering of the spores. Projections or papillae arise over 
the surface of the plasmodium, and these grow up to form the 
sporangia (Figs. 647, 652). In Steynonitis the stalk and its exten- 
sion the columella are secreted in a canal in the center of the pro- 
toplasmic mass, and the protoplasm then climbs up over them to 
form the sporangium. The threads of the capillitium are formed 
in much the same way as the stalk and columella, and are 
secreted in a syetem of vacuole-like canals (Fig. 653). In some 



Fic. 652. An early stage in ibe for- 
mation of the sporangium of a 
inyxomycete, Ceratium hydnoides, 
from the plasmodium 

After De Bary 




Fig. 633. Section of developing sporangium of a myxomycete, Hemiarcyria 

clavata 


In the section on the left are so(‘n numerous nuclei and a cross and a longitudi- 
nal section of canals at an early stage of capillitium formation. The section to 
the right shows the capillitium formed in the canals. (After Harper and Dodge) 



Fig. 654. Cauliflower root enlarged owing to infection by Plosmodiophora 

brasskae 


After Woronin 








Fig. 655. Plasmodiophora brassicae in root cells 

To the left is seen the phismodiutn ; to the right the plasmodium has given 
rise to spores. (X 360). After Woronin 
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species of Myxomycetes with stalks, the stalk is a tube through 
which the plasmodium moves upward. 

Prior to spore formation the nuclei divide and the chromosomes 
are reduced to the haploid number. At about the same time the 



Fic. 658. Spongospora subterranean the causal organism of powdery scab of 

potatoes 

A, a single uninucleate amoeba in young ho.st cell ; /?, three amoebae in a cell, 
one of which is binucleate; C, several small amoebae in a cell; Z>, formation 
of plasmcxlium; h\ approaching and fusion of nuclei in pairs; G, anaphase 
of the second meiotic division ; H, balls of spores in a host cell ; /, section of 
spore ball showing spores. (After Oslwm) 

protoplasm divides up by cleavage into smaller units. Finally each 
piece of protoplasm contains a single nucleus. Each protoplast 
then secretes a cell wall and becomes a spore. The sporangia of the 
Myxomycetes show some superficial resemblance to plant structures, 
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but the method of their formation and the details of their structure 
are very different from those found in other plants. However, 
their general make-up is usually considered to be more like that of 
plants than that of animals. 

Plasmodiophoraceae. There are a number of parasitic forms 
which appear to be rather closely related to the Myxomycetes. 
They are sometimes included in the Myxomycetes j but are more 
usually placed by specialists among the fungi, chiefly because they 
are parasites. Prominent among these are the Plasmodiophoraceae. 
Some of these cause serious plant diseases (Fig. 654). 

The spores are formed in the cells of the host plant rather than 
in sporangia (Fig. G55). A spore germinates to produce a swarm- 
spore as in the Myxomycetes (Fig. 656). The swarmspores enter 
cells of a host and Ix^come distributed in these cells as amoebae 
(Fig. 655). The amoebae become distributed in an increasingly 
large number of cells of the hosts by migrating through the cell 
walls (Fig. 657) and also by the divisions of the host cells them- 
selves. After a time the amoebae in a cell unite to form a plasmo- 
dium which divides up to form spores (Fig. 658). Among the 
best-known of the Plasmodiophoraceae is Plasmodiophora brassicae, 
which causes clubroot of cabbage and similar plants (Fig, 654). 



CHAPTER XXV 

FUNGI (PHYCOPHYTA) 

General characteristics. The fungi are a very large and diver- 
sified group of plants. Among the more familiar forms are molds 
and mushrooms. In general organization the fungi are in many re- 
spects like the algae. They differ from the algae, however, in that 
they lack chlorophyll and other photosynthctic pigments and so, 
instead of manufacturing their own food, are saprophytes or 
parasites. They are frequently colorless, but may have a great 
variety of colors and may even be green. The plant body may be 
very simple and may even consist of a single cell ; however, in all 
except a comparatively small number which can be seen only under 
the microscope the plant body is composed of branching filaments 
known as hyphae (singular hypha). The hyphae form a tangled 
mass, called a mycelium. The hyphae are either rows of single cells 
or coenocytic threads. The mycelium may be a loose cobwebby 
structure as in molds ; it may be so dense as to be relatively hard 
and firm as in mushrooms ; or there may be such a combination of 
density with firmness of cell walls as to produce a woody struc- 
ture as in the bracket fungi (Fig. 714). Even in the woody forms, 
however, the fungi do not produce true tissues ; in them the plant 
body is made up of interlacing hyphae, and the hyphae are single 
rows of cells. 

Reproduction. The fungi may be reproduced vegetatively by 
the growth and division of the mycelium. The common or field 
mushroom, Agaricus campestriSy is propagated for commercial 
purposes by cutting into blocks the substratum in which the 
mycelium is growing, and planting these blocks in new beds. In 
the fungi, as in the algae, the specialized reproductive bodies, other 
than the sexual cells themselves, are spores. In some of the simpler 
fungi the asexual spores are zoospores, but in the great majority 
they are non-motile spores enclosed in cell walls. The methods of 
sexual reproduction are very varied. 

676 
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Distinguishing features. As the fungi are a very large and 
varied group, it is, as in the case of the green algae, very difficult to 
give a short description which will characterize all the members and 
exclude all other organisms. The presence of a mycelium is a very 
convenient distinguishing characteristic. 

There are many other kinds of plants which do not have chloro- 
phyll and are parasites or saprophytes. The mycelium of a fungus 
is readily distinguished from a bacterial filament by the larger size 
and more complex structure of the cells ; like the algae and unlike 
the bacteria, they have definite and highly organized nuclei and 
cell walls which are easily seen. Many, flowering plants lack 
chlorophyll and live as saprophytes or as parasites ; these can be 
distinguished from the fungi not only by the absence of a mycelium 
but also because they, like other flowering plants, produce true 
tissues, have flowers, and reproduce by seeds. 

Many algae resemble fungi in being composed of rows of single 
cells or coenocytic threads, but they are readily distinguished 
from the fungus mycelium by the occurrence of photosynthetic 
pigments. 

Perhaps the plants which are most likely to be mistaken for 
fungi by one not familiar with botany are the MyxomyceteSf which, 
as we have seen, form small fruiting bodies and resemble the fungi 
in lacking photosynthetic pigments and in reproducing by means of 
spores. They, however, can be readily distinguished from the fungi 
because they do not have a mycelium. 

Distribution of fungi. Fungi occur throughout the world wher- 
ever conditions make life possible and there are materials on which 
they can grow. They are very abundant in soil, and occur on prac- 
tically all kinds of deca^ving material. An enormous number are 
parasitic on plants, and they parasitize all types of plants from 
simple algae to the most advanced flowering plants. Many are 
parasitic or saprophytic on other fungi. There are also a consider- 
able number which are parasitic on various types of animals, and 
quite a variety on man himself. 

Importance of fungi. Many saprophytic fungi are harmful to 
man in that they cause spoilage of food and the destruction of other 
materials which are useful to him, as when they cause the decay 
of timber; however, like the saprophytic bacteria, they serve a 
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most useful purpose in that they cause the breaking down of dead 
plant and animal matter and help return the component materials 
to the soil and air in forms which can be absorbed and utilized by 
green plants. The great majority of plant diseases are due to 
parasitic fungi, and these do tremendous damage ; fortunately 
scientists have, in comparatively recent years, learned much about 
the control of these diseases, and the {implication of this knowledge 
has gone far toward minimizing the loss. A few human diseases are 
due to fungi ; these are mostly of minor importance. 

Classes of fungi. In the fungi there are three classes: the 
PhycomyceteSj the Ascomycetes^ and the Basidiomycetes. 


CLASS PHYCOMYCETES 

General characteristics. The Phycomycetes^ as ii class, bear con- 
siderable resemblance in general structure to the chlorococcine line 
of development in the green algae, and particularly to the Sipha 
nodes. While some of the simplest are unicellular, the great majority 
are coenocytic and have a much-branched mycelium in which there 
are many nuclei but no cross walls except in connection with the 
formation of reproductive structures. The nature of the mycelium 
is a very important diagnostic character in recognizing the P/uy- 
comyceteSf as the Ascomycetes and the Basidiomycetes have a septate 
mycelium ; that is, a mycelium which is divided up into separate 
cells by cross walls. 

In the Phycomycetes there arc three orders : the Chylridiales^ 
the Oomyceies, and the Zygomycetes. The forms included in the 
Chytridiales are all small and the mycelium is never well developed. 
The Oomycetes and the Zygomycetes are characterized by a well- 
developed mycelium. 


ORDER OOMYCETES 
Saprolegnia 

General characteristics. The Oomycetes are characterized by the 
fact that sexual reproduction is by the fertilization of eggs. In 
order to get an idea of this order we may consider a typical example, 
the genus Saprolegnia, This genus (Fig. 659) grows abundantly 
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in water on decaying animal and vegetable matter, and sometimes 
on living animals. It is frequently very destructive to fish eggs 

^ and young fishes. The vegetative part of 

the plant consists of a branching system 
of filaments without cross walls. Some of 
these filaments enter the animal on which 
the plant is growing 
and absorb nutriment ItiJSK 

while others radiate 
out in the water and 
produce reproductive 
structures. 

Fic. 659. Mycelium of Reproduction. Sap- 

Saprolefsnia on an in- , . , 

sect. (x2l) rolegnia reproduces 

asexually by the for- 
mat ion of zoospores with two flagella at the 
anterior end. These are produced in zoo- 
sporangia which are formed from the ends 
of clul>-shaped filaments (Fig. 660). The 
terminal portion of the filament is cut off 
by a cell wall, thus forming a zoosporan- 
gium, and the contents of this divide and 
round up to form zoospores. The zoospores 
escape through an opening at the tip of 
the sporangium. 

Following a period of motility, a zoospore 
comes to rest and surrounds itself with a new 
cell wall. After a time tlic protoplasm slips out 
of this wall and enters on a second }K'riod of l 

motility. The zoospore is now kidney-shajxKl, / / 

with two flagella which are inserted on the side / / 

of the spore and not at the end as during the first I / 

i)eriod of motilitv. The significance of the two „ . 

periods of motility witli the different tyjies of ,„ospor.ngi. of 

zoospores is not understood. At the end of Saprolegnia, (x230) 
the second period of motility the zoospore 
again surrounds itself with a cell wall, and germinates by sending out 
a tube which grows and becomes a mycelium. 


mature zoosporangia of 
Saprolegnia. ( X 230) 
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Sexual reproduction is by means of oogonia and antheridia 
(Fig. 661). The oogonia are rounded structures which contain eggs 
and are cut off from the vegetative filaments by cross walls. The 
antheridium is a tubular branch which is cut off from the end of 
a hypha. It grows around an oogonium and produces branches 
(fertilizing tubes) which enter the oogonium and reach the eggs. 
In some cases a nucleus from an antheridium passes through the 
fertilizing tube, enters an egg, and fertilizes it (Fig. 662). 



Fig. 661. Saprolegnia monoica 

Left, young oogonium not yet cut off from vegetative filament, antheridia 
also not cut off from vegetative filament but in contact with oogonium ; right, 
mature oogonium. Note numerous eggs and the fertilizing tubes growing 
from antheridia (X 2^). After Pringsheim 

Saprolegnia shows various degrees of loss of sexuality. In some 
cases, as just described, the eggs are fertilized by the antheridia. 
In other cases there are both eggs and antheridia, but the anther- 
idia do not fertilize the eggs, the latter developing without fertilizar 
tion. In still other cases no antheridia arc 'formed. 

Similarity of Saprolegnia and Vaucheria. The vegetative body 
of Saprolegnia is very similar to that of Vaucheria except that 
Saprolegnia lacks chlorophyll, whereas this is present in Vatu^teria. 
In both cases the plant consists of branched, non-septate filaments. 
Vaucheria is attached to the substratum by means of a colorless 
totnehed filament known as a holdfast. Saprolegnia is attached in 
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a similar way, except that the filaments enter the body of the 
animal on which the Saprolegnia is growing. The zoosporangium 
of Saprolegnia has a shape similar to that of VaiLcheria, In Sapro- 
legnia there is a zoospore for each nucleus, and each spore has two 



Fig. 662 . Achlya polyandra^ a relative of Saprolegnia 


Development of eggs and discharge of male nuclei into egg as seen in sections. 
A, oogonium before the protoplasm has l)egun to ilivide up to form eggs. B, 
protoplasm dividing to form eggs. C, eggs already cut out from the proto- 
plasm. Z), eggs mature and fertilizing tulnis (x) growing from antheridia to 
eggs. Ef a fertilizing tube in contact with an egg; the male nucleus (m) is 
shown. F, male nucleus ready to be discharged into egg. G, an egg into which 
the male nucleus has been discharged ; the egg nucleus is in the center of the 
egg. (A-D, X 400; E-Gt X 1560). Aft-er Micke 

flagella. The zoospore of Vaucheria has a different structure, but 
we have seen that there is reason to believe that it is a compound 
zoospore which can be regarded as formed by the fusion of a num- 
ber of zoospores similar to those of Saprolegnia, The zoospore of 
Vaucheria has numerous pairs of flagella, each of which is opposite 
a nucleus, and the relatives of Vaucheria have biflagellate zoo- 
spores. The oogonia of the two forms are very similar except that 
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Saprolegnia usually has more than one egg, while Vaucheria usually 
has a single egg. The general form of the antheridia of Saprolegnia 
is likewise similar to that of the antheridia of Vaucheria ; Vauche- 
ria^ however, produces sperms which swim through the water, 
while in Saprolegnia fertilization is by a tubular outgrow th from 
the antheridium. From the above comparison it wdll be seen that 
Vaucheria and Saprolegnia have a great many points in common. 

Relationship. There has alw ays been considerable difference of 
opinion among students of fungi as to various important aspects of 
the origin and evolution of the group to which Saprolegnia l)elongs. 
There are those w ho hold that the fungi represent a separate line of 
evolution w^hich started with colorless flagellates and developed 
into the various classes of fungi which we know^ today. According 
to this point of view^ the similarities between Saprolegnia and 
Vaucheria w^ould represent parallel development in different lines, 
just as there has been parallel development in various groups of 
algae. This point of view" is supported by the fact that there are 
very simple fungi, apparently related to the Myxomycetes^ w"hich 
do not appear to be very far removed from flagellate ancestors. 
Also in the simplest order of PhycornyceteSy the ChytridialeSf there 
are various forms which have been interpreted as leading from the 
simplest fungi to the Oomycetes. It must be said, however, that the 
arrangement of the lower fungi in a series supposedly leading to 
such forms as Saprolegnia is nothing like so convincing as the series 
w"orked out in the green algae. In this connection it is well, how- 
ever, to remember that many of our ideas as to evolutionary lines 
among the green algae are based on rather recent investigations. 

There are tw"o other general ideas as to the evolution of the 
fungi as a w'hole : first, that the fungi are a heterogeneous aggre- 
gation derived from various groups of algae; second, that the 
simplest fungi are related to the Myxomycetes^ w"hile all or most of 
the Phycomycetea and all of the Ascomycetes and Basidiomycetea 
represent one line of evolution derived from the green algae. Many 
botanists who hold one of these two views believe that Saprolegnia 
is descended from a siphonaceous green alga much like Vaucheria, 
This seems all the more possible because many different kindg of 
green plants have saprophytic or parasitic relatives. We find such 
plants scattered in a considerable number of families of flowering 
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plants. If a holdfast of VaiLcheria, instead of attaching itself to a 
rock, were to grow into the body of an animal and absorb nourish- 
ment, and if at the same time the plant were to lose its chlorophyll, 
we should certainly have a plant that would be very similar to some 
of the 0(ytn7jc€tesj such as Saprolegnia. We have already seen in the 
cases of certain flagellates that the same organism may, under 
different conditions, develop chlorophyll and manufacture its own 
food or lose its chlorophyll and live on organic matter. It is there- 
fore not hard to believe that some plant similar to Vaucheria 
changed its mode of obtaining food and gave rise to the Oomycetes. 
The two types of zoospores in Saprolegnia are very puzzling from 
the evolutionary standpoint. 

Albugo 

General characteristics. Closely related to the family (Sapro- 
legniaceae) to which Saprolegnia belongs is another family of the 
Oomycetes {Peromsporaceae) which contains a large number of 



Fig. 663. Albugo Candida 

Left, a hypha with knoblike haustoria in cell of host (after De Bary). Bight, 
section of a leaf showing development t>f conidiophores and conidia under the 

epidermis 

species that are parasitic within the tissues of higher plants. These 
plants resemble the SaproUgniaceae. in having much-branched 
coeuocytic hyphae, and in having sexual reproduction by means of 
oogonia with eggs which are fertilized through fertilizing tubes 
that grow from the antheridia. Also, many of them produce zoo- 
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spores. This group of fungi causes many serious plant diseases. 
Albugo is parasitic on flowering plants. The hyphae are found in the 
intercellular spaces of the host. Knoblike haustoria grow from 
these hyphae into the cells of the host and absorb food material 
from them (Fig. 663). 

Asexual reproduction. Albugo reproduces asex- 
ually by means of specialized sporangia which 
are shed as single cells and are usually called 
conidiospores or conidia. These are formed in 
chains on special branches known as conidio- 
phores, so called because they bear conidia (Fig. 
664). The conidiophores are formed in compact 
groups beneath the epidermis of the host (Fig, 
663). They exert sufficient pressure to rupture 
the epidermis. The conidia of a chain are sep- 
arated from each other by gelatinous disks which 
are formed by the gelatinization of the outer 
layer of the cell walls where the two cell w^alls 
come in contact. The conidia separate to form 
a dry product which may be scattered by the 
wind (Fig. 664). When the conidia germinate, 
they show^ that they arc really modified zoo- 
sporangia. Under favorable conditions their 
ophores bearing Contents divide up to form zoospores with tw’o 
conidia, growing laterally inserted flagella (Fig. 665). Such a zoo- 
from of gp^j.^ escapes from the conidium, swims about 

for a while, then comes to rest and sends out a 
no^ disL^Lpa- bypha or germ tube which may infect a host and 
rating the conidia. start a new Albugo plant. 

Sexual reproduction. The sexual reproductive 
® organs of Albugo bear considerable resemblance 

to those of Saprolegnia, except as to the number of oospores 
formed in an oogonium (Fig, .666). 

The antheridium is much like that of Saprolegnia. A fertilizing tube 
grows from it into the egg. In some species there are numerous functional 
nuclei in the oogonium. In such cases numerous nuclei migrate through 
the fertilizing tube into the oogonium, where the male and female nuclei 
fuse in pairs. In other cases there is only a single functional female nucleus 



Fig. 664. Conidi- 




Fig. 666. Fertilization in Albugo Candida 

Left, fertilizing tube with male nucleus. The egg nucleus is just below the 
fertilizing tube, and to the left of the egg nucleus is the body known as the 
coenocentrum. This is formed by the condensation of protoplasm in the center 
of the oogonium. Its function is obscure, but it may serve to attract the 
nuclei. Center, fertilizing tube discharging its contents into the egg; right, 
egg and male nuclei fusing, (x 555} * After Davis 
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and only one male nucleus enters into the fertilizing tube and fuses with 
this (Fig. 666). The contents of the fertilized oogonium become trans- 
formed into an oospore. The wall of this consists 
of two layers, the outer of which is greatly 
thickened. 

The oospores are liberated by the disinte- 
gration of the tissues of the host. Under 
favorable conditions they germinate by pro- 
ducing biflagella te zoospores (Fig. 665). 

Relatives of Albugo, Albugo is very distinctive 
in the manner in which its sporangiophores are 
arranged in groups beneath the epidermis and 
bear the sporangia in chains. In near relatives 
of Albugo^ such as Phytophthora, the s|K)rangia 
are borne on branched siKirangiophores which 
pmject from the surface of the host (Fig. 667). 

In some of the relatives of Albugo the transfor- 
mation of sj)orangia into conidia has gone further 
than in Albugo, This is true in Phytophthora 
festanSf which causes a very .serious disease of the 
jxjtato, known as late blight. Here, depending 
on external conditions, the conidia may cither 
produce zoospores or germinate directly by send- 
ing out a germ tube. In still f)ther cases the 
conidia germinate only by sending out germ tubes. 

ORDER ZYGOMYCETES 



Fig. 667. Conidial 
fructification of the 
potato rot, or late 
blight ( Phytophthora 
infestans) 

A, conidiophores is- 
suing from stomata 
and bearing conidia ; 

B, at left, contents of 
a conidium divided 
to form zoospores ; 
at right, a zoospore. 

(After Schenck) 


Rhizopus Nigricans 


General characteristics. The members of 
the order Zygomycetes are distinguished from 
those of the order Oomycetes by their method 
of sexual reproduction. In the Zygomycetes 
there are no motile cells, and sexual reproduc- 
tion is due to the conjugation of two hyphae. 

Rhizopus is a typical example of the order Zygomycetes, This 
fungus is a eonspicuous white mold which grows on bread and other 
substances. Its distribution is world-wide, and it is exceedingly 
common. 
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The vegetative body is a coenocytic mycelium composed of 
branching filaments (Fig. 668). The filaments are colorless, and, 
as is characteristic of coenocytic plants, they contain numerous 
nuclei and no cross walls. The main branches of the mycelium grow 
horizontally above the substratum, and are known as stolons. 
Where the tip of a stolon comes in contact with the substratum, it 
enlarges and the enlargement gives rise to branches. Slender much- 
branched filaments grow downward from the lower part of the 



The main drawing shows the habit (x 25). Note the absorbing hyphae which 
enter the substratum, and the aerial ones which project upward and bear spo- 
rangia. Above are two sporangia, a ri^wj one containing s]X)res and one from 
which many spores have been shed so that the columella is exposed (X 65) 

enlargement and penetrate the substratum. They serve both as 
holdfasts to anchor the plant and for the absorption of nutriment 
material. From the upper portion several branches grow^ upw'ard. 
These latter arc unbranched, and each bears a sporangium at its 
tip. As they bear sporangia, they are called sporangiophores. 
Stolons also grow from the enlargements. Owing to this method of 
growth, the older plants have the appearance of sparingly branched 
stolons W'hich, at intervals, produce enlargements bearing rhizoidal 
branches and sporangiophores. The general effect is something 
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like that of a higher plant, such as a strawberry, which reproduces 
by means of runners or stolons. 

Asexual reproduction. Rhizopus reproduces by means of spores, 
which are produced in very large numbers in the rounded spo- 
rangia. A sporangium is formed by the enlargement of the tip 
of a sporangiophore (Fig. 669). It is only the protoplasm in the 
outer part of the enlargement that divides up to produce spores. 
The spore-producing portion is therefore a cup-shaped sac, and 
surrounds a rounded sterile central portion known as the columella, 
which is continuous with the stalk of the sporangiophore. The 
spores germinate by sending out hyphae which produce mycelia. 

As the tip of the sporangiophore enlarges to form a sporangium, the 
protoplasm in the peripheral [K)rtion of the enlargement comes to be fairly 
dense while that in the center is much less dense and is much vacuolated 
(Fig. 669). The spore-bearing portion is cut off from the columella in the 
following way : A series of small vacuoles appear just within the denser 
protoplasm, near where this joins the more vacuolated and central jx)rtion 
of the protoplasm. These vacuoles mark the region where the spore- 
bearing protoplasm will be s(*parated from the columella. A cleavage fur- 
row grows in from the periphery of the protoplasm near the base of the 
enlargement and joins with the alx)ve-mentioned vacuoles, which flatten 
and coalesce so that the protoplasm which will produce spores is separated 
from that of the columella. This is followed by the formation of a wall 
around the columella. 

While the above-described j)rocess is going on, the protoplasm of the 
sporangium begins to divide up Uj form s|x>res. This is brought alx^ut by 
cleavage furrows which start at the jKiriphery of the protoplasm and gn)w 
inward. These divide the protoplasm into numerous small pieces, each of 
which contains several nuclei. Each piece surrounds itself with a cell wall 
and becomes a spore. The sporas are scattered by the wind and are very 
plentiful in the atmosphere. They are so plentiful that it is easy to start 
a growth of Rhizopus by exposing a piece of moistened bread in an ordi- 
nary room. The bread should be covered, as by a glass vessel, so as to 
prevent the bread or the growth of Rhizopus from drying. 

Sexual reproduction. The plants which produce sporangia and 
asexual spores may also reproduce by sexual fusion. Sexual repro- 
duction is due to the conjugation of two similar filaments, which, 
however, always come from different plants. These conjugating 
filaments are short side branches, the tips of which grow together 




Fig. 669. Development of sporinginm of RhUopus nigricans 


A, enlarged tip of hypha. B, outer and inner part differentiated. C, small 
▼acuoles between outer and inner part. D, vacuoles elongating and coalescing ; 
cleavage furrows starting from periphery. E, more enlarged view of nuclei 
and incipient cleavage furrows in protoplasm of sporangium. F, sporangium 
completely cut off from columella ; more progress toward division into spores. 

O, mature sporangium. H, a spore greatly enlarged. (After Swingle) 
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Fig. 670. Successive stages in conjugation anil formation of a zygospore in 
Rhizopus nigricans. ( X 80 ) 



Fig* 671* Gemiinatioii of 
zygospore of M ucor mucedo^ 
a mold related to Rhizopus 

Modified after Brefeld 


(Fig. 670). The tips enlarge, and each 
is cut off by a cross wall. This is fol- 
lowed by the absorption of the walls 
separating the two terminal cells where 
these are in contact. These cells then 
fuse together to form a single cell. This 
enlarges, surrounds itself with a thick 
wall, and becomes a resting zygospore. 
The cells which fuse to form the zygo- 
spore may be regarded as gametangia 
which, instead of forming gametes, have 
taken over the function of gametes, and 
by their fusion form a large multinucleate 
zygote. When t he zygospore germinates, 
the thick wall is burst and there grows 
out a hypha which becomes a sporangio- 
phore with a single terminal sporangium 
containing asexual spores (Fig. 671). 

While all the plants of Rhizopus look 
alike, there are in reality two kinds, as 
is shown by their action in sexual fusion. 
These two kinds are called + and — , and 
sexual fusion occurs only when a + and 
a — hypha come together. The existence 
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of two kinds of plants which are alike in appearance but differ 
in sexuality is similar to the condition which occurs in some algae 
which we have considered previously. When ordinary vegetative 
plants reproduce asexually, the daughter plants are all the same 
kind as the parent plant. The occurrence of + and — strains is 
not confined to Rhizopus but is found in a considerable propor- 
tion of the molds. Species where there are + and — strains are 



Fig. 672. The mycelium of a mold (Mucor mucedo) developed from a 

single spore 

a, 6, and c, erect branches which are to bear the sporangia, showing three 
stages of development. (After Brefeld) 

said to be heterothallic. In some molds all plants appear to be 
alike, and there are no -f- and — strains ; such species are homo- 
thallic. In heterothallic species the zygospore, as we have seen, 
is due to the fusion of a + and a — strain. Before the formation 
of spores in the sporangium which results from the germination of 
the zygospore, there is a segregation of the strains so that the 
spores formed in the sporangium have either a + or a — tendency. 

Relationship. The origin of the Zygomycetes is by no means 
clear. By those who regard the fungi'as a very heterogeneous group 
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derived from various kinds of algae it has been suggested that 
sexual reproduction by conjugation indicates that the Zygomycetes 
are related to the Conjugates among the green algae. However, the 

differences between the two groups 
are very great. The extensive 
development of coenocytic my- 
celia in both the Oomycetes and 
the Zygomycetes has suggested a 
relationship between these two 
groups. Perhaps the most gen- 
erally accepted view is that the 
Zygomycetes are related to the sim- 
pler Oomycetes or the Chytridiales, 

Relatives of Rhizopus. Rhizopm 
is one of a large number of molds 
which show considerable variation 
among them, particularly in the for- 
mation of the sj)orangia. In Rhizo- 
pus the sporangiophores are borne 
in clusters ; in other cases they may 
be produced singly from the myce- 
lium (Fig. 072). In some species the 
sporangiophores are unbranched, as 
in RhizopuSy while in others they 
may be much branched (Fig. 673). 
There are three general types of SfX)- 
rangia: large sporangia with many 
S|K)re8, as in Rhizopm y small sporangia 
(sporangioles) with few spores (Figs. 
673, 674), and single-celled sporangia 
which act like spores and are known 
Fic.673. Thamnidium elegansy as conidia (Fig. 675). Some species 
one of the Zygomycetes have only one type, others two kinds, 

Note large terminal sporangium others all three. The spo- 

and sporangioles. (After Brefeld) rangioles are modified sporangia, and 

the conidia represent a still further 
modification. S|x>rangioles are usually borne in larger numbers than 
sporangia, and conidia in still larger numl>er8. 

Evolutionary trends in the Zygomycetes. In the development of 
the Zygomycetes from the more primitive to the more i^vanced 
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forms there is a tendency for sporangia to be transformed into 
sporangioles and these into conidia. Forms like Rhizopus with 



Fic. 674. Blakeslea trispora, one of the Zygomycetes 

Af group of heads of 8tx)rangioles ; B, section of a young head before develop- 
ment of spores; C-D, variations in size of sporangia. (After Thaxter) 


comparatively few large many-spored sporangia, which are borne on 
unbranched sporangiophores, are regarded as the more primitive. 



Fii;. 675. Conidia of Zygomycetes 

Left, Piptocephalis freseniana (x 250) ; right, Dispua ameruxina (x 600). 
After Brefcld and Thaxter 


These are followed by forms which have not only large many-spored 
sporangia, but also more numerous small sporangia. Fimdly there 
are forms with no sporangia and very numerous conidia. In the 
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series there are monosporous sporangia that are really on the border 
line between sporangioles and conidia. The walls of the spore and 
the sporangium coalesce, but the sporangium wall is thrown off 
as an exospore on germination. In more advanced types of conidia 
the sporangium is entirely transformed into a conidium, there is 



Fig. 676. Endogone lactiflua, a zygomycete with heterogamous conjugation 

i4, large and small hyphae near each other; large and small hyphae are 
united through opening; C, uninucleate end cells have been formed from 
tips of hyphae; D, nucleus from smaller or male cell has migrated into 
larger or female cell, and both nuclei are migrating into an outgrowth of the 
larger or female cell; E, two nuclei in outgrowth from larger or female cell 
(this outgrowth will become the spore). (All X 400). F, spore of Endogone 
tuberculosa, (After Bucholtz and Thaxter) 


no distinction between spore and sporangium wall, and the spo- 
rangium or conidium sends out germ tubes which produce a 
mycelium. Conidia may be formed singly on stalks or in chains. 
The true conidia, and also the conidiophores, are very similar 
to conidia and conidiophores found in the Ascmiycetes and the 
BoBidiomycetes. 

Another trend in the Zygomycetes which has been interpreted as 
leading toward the Ascomycetes is a tendency toward increased 
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septation in the more advanced Zygomycetes^ particularly in older 
plants. 

Still another development which has been interpreted as point- 
ing toward the Ascoynyceies is a tendency for an isogamous con- 
jugation to become heterogamous (Fig. 676). 


Empusa 

General characteristics. The Zygoynycetes contain a small family 
(Eyitomophthoraceae) of interesting fungi which are mostly parasitic on 
insects. They produce zygospores as the result of the conjugation of two 



Fic. 677. Empusa 


At a group of conidiophores of Empusa muscae in various stages of develop- 
ment ; Bt mature conidiophore bearing a ripe conidium ready for discharge; 
C-Et Empusa sepulchralist showing conjugation of two hyphae and outgrowth 
of zygospore. (A, C-E, X 170; X 335). After Thaxter 


filaments. To this group Empmsa belongs (Fig. 677). One species of 
Empusa is very common on house flies, which are often fastened to win- 
dow panes by hyphae. This s|Xicies does not produce zygospores, hut its 
conidia and other features are very characteristic of its group. A s|K)ran- 
gium contains a single spore and is borne at the tip of an enlarged sporan- 
giophore. The sjwrangiophores often project from the surface of a dead 




Fic. 678. Portion of hymenium of an ascomycele, Lachnea (see Fig. 680 J , show- 
ing asci in various stages of development and also paraphyses. ( X 200) 



Fic. 679. Section of coplike fruit body of Lachnea 

Above is the hyirienium composed of asci and paraphyses. (X 25) 
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fly in sufficient numbers to form a sort of halo. A swelling of the sporan- 
gium and sporangiophore causes the bursting of the former and the forci- 
ble discharge of the spore. The spores germinate by sending out filaments. 

CLASS ASCOMYCETES 

General characteristics. The Ascomycetes are a very large and 
varied group of fungi which are characterized by having ascospores 
borne in asci. The ascus is a saclike, commonly cylindrical struc- 



Fic. 680 . Fruit bodies of Lachnea and Peziza 

These are known as cup fungi on account of their shape. In both cases the 
hyinenium covers the upper surface 


ture usually containing eight ascospores (Fig. 678), but the number 
of spores may vary from two to many. In a few cases the asci are 



Fig. 681. Ventwria inaequalis (the causal or* 
ganism of apple scab) on apple leaf 



Fig. 682. Perithecium 
of Podospora fimi- 
seda, a fruit body con- 
sisting of a single 
perithecium. ( X 60) 

After Tavel 
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borne singly, but in the vast majority of species they are produced 
in a layer, called the hymenium, which contains many asci, among 
which are the numerous sterile filaments, the paraphyses (Figs. 
678, 679). In some cases the hymenium occurs as an outer covering 
of the fruit body (Fig. 680), while in others it lines flask-shaped 

cavities (Figs. 681, 682) called perithe- 
cia. Perithecia may occur singly (Fig. 
682) or a considerable number may occur 
in one fruit body (Fig. 704). The fruif 
bodies of the Ascomyceies are known 
as ascocarps. 

In adilition to producing ascospores, 
many Ascomyceies also reproduce by 
conidia (Figs. 683, 700). Both the co- 
nidia and the conidiophores of the Asco- 
viycetes bear considerable resemblance to 
those of the Zygomycetes. In many of 
the simpler Ascomxjceles reproduction 
by conidia is much more prominent 
than reproduction by ascospores; in going from the simpler to 
the more highly developed forms this condition becomes reversed. 

The Ascomyceies vary from small inconspicuous forms to others 
which are of considerable size and are fairly conspicuous. They 
never attain the large size of some of the Basidiomycetes such as the 
larger mushrooms and the huge bracket fungi. 

Pyronema Confltiens 

% 

General description. Pyronema confluens is one of the Ascomy^ 
cetes which has been very thoroughly studied, and a consideration 
of its life history will serve as a very convenient introduction to the 
Ascomyceies. The ascocarp of Pyronema confluens is somewhat 
lens-shaped, pink or salmon-colored, and from one to three milli- 
meters in diameter. The upper portion consists of a hymenium 
composed of asci and paraphyses. The ascocarps are found on ma- 
terial which has been burned or sterilized ; and the fruit bodies are 
often confluent, from which characteristic it gets its specific name, 
conflvms. 



Fig. 683. Conidia of 
Ascomyceies 

Left, Lachnea abumlans: 
right, Lachnea cretea. (.Af- 
ter Dodge and (Iwynne- 
Vaughan and Williamson) 




Fig. 684. Two stages in development of ascogonia and antheridia of Pyro- 
nema confiuens ( X 330) and a cluster of mature ascogonia and antheridia 

After Claussen and Harper 



Flc. 685. Development of ascogonia and antheridia of Pyronema confiuens and 
fusion of trichogyne with antheridium. ( X 190) 

After Thuret 
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Fic. 686. Nuclear behavior in 
antheridia, trichogyne, and as- 
cogonium of Pyronema con- 
fluens 

A, the trichogyne growing 
from the archegonium on the 
right is in contact with the 
antheridiniii on the left. B, 
the trichogyne and anthcrid- 
ium have fused ; the nuclei 
of the trichogyne have degen- 
erated, while those of the an- 
theridium are migrating into 
the trichogyne. C, late stage 
in migration of nuclei from 
antheridium into trichogyne. 
D, wall between trichogyne 
and ascogonium htis disap- 
peared so that there is open 
communication from the an- 
theridium to the ascogonium. 
Note the beginning of the out- 
growth of ascogenoiis hyphae 
on the right. (After Claussen 
and Harper) 


Formation of sexual ceils. The asco- 
carps of Pyronema confluens arise from 
multinucleate vegetative hyphae (Fig. 
684). In the formation of an ascocarp 
usually a single hypha grows up and 
forks repeatedly. It is at first a uni- 
cellular coenocyte, but later becomes 
multicellular by the formation of cross 
partitions. The tips of some branches 
give rtse to modified female oogonia 
known as ascogonia, and the tips of 
others to antheridia. Early in its de- 
velopment the ascogonium consists of 
a rounded terminal cell below which 
there are one to two stalk cells. The 
ascogonium sends out a papilla, or 
trichogyne, which develops to a con- 
siderable length and is cut off from the 
ascogonium by a cross wall. An an- 
theridium grows up near an oogonium. 
The tip of the trichogyne comes in 
contact with the tip of an antheridium 
(Fig. 685). 

Protoplasmic fusion in ascogonium. 

The ascogonium, trichogyne, and an- 
theridium are all multinucleate. Where 
the tip of the trichogyne comes in con- 
tact with the antheridium, the w’alls 
of both are dissolved so that there is 
open communication between anther- 
idium and trichog^me (Figs. 685, 686). 
The nuclei of the trichogyne, which 
have remained small, degenerate ; and 
the nuclei from the antheridium 
migrate into the trichogyne. This 
is followed by the disappearance of 


the vvall between the trichogyne and the ascogonium, after which 
the nuclei which came from the antheridium into the trichogjme 
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continue their migration and enter the ascogonium. When this 
process is completed, a new wall is formed across the base of 
the trichogyne so that the ascogonium and trichog 3 me are again 
separated. 

The nuclei which came from the antheridium through the 
trichogyne and those origi^aily in the ascogonium become asso- 
ciated in pairs, each pair consisting of a male nucleus from the 
antheridium and a female nucleus produced in the ascogonium 
(Fig. 687). 

Ascogenous hyphae. After the pairing of the nuclei in the as- 
cogonium, large hj'phae grow from the latter and into these the 



Fig. 687. Development of ascogenous hyphae of Pyronema confiuens 

Left, an early stage; note the nuclei in pairs. Center, a late stage. Right, a 
still later stage; note (hat the nuclei are still paired. (After Claussen) 


paired nuclei migrate (Fig. 687). These hj^phae are called ascoge- 
nous hyphae, and it is they that give rise to the asci. During the 
growth, and development of the ascogenous hyphae the nuclei 
remain in pairs. Two nuclei associated in this way form a dicaryon. 
When nuclear division occurs, the nuclei of a dicaryon divide 
simultaneously; thus one dicaryon gives rise to two dicarj'ons. 
When an ascus is finally formed it contains a dicaryon, the nuclei 
of which fuse to form the mother nucleus of the ascus (Fig. 688). 
The ascogenous hyphae are a very interesting phase in the life 
history of the Ascomycetes. They are somewhat similar to a diploid 
sporophyte. However, a diploid sporophyte results from the fusion 
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of two nuclei ; in the case of the ascogenous hyphae there is, prior 
to their development, no actual fusion but only an association of 
nuclei. This association continues, and actual fusion is delayed, 



Fic. 688. Formation of ascus from tip of ascogenous hypha 

A, the tip of the hypha is bent over; the two nuclei are dividing conju- 
gately ; C, three-cell stage of fiscogenous hook (note uninucleate ultimate cell, 
binucleate penultimate cell, and uninucleate antepenultimate cell); D, the 
two nuclei in the antepenultimate cell have fused to form the primary nucleus 
of an ascus, the ultimate and antepenultimate cells have fused, and the nucleus 
from the antepenultimate is migrating into the ultimate ; E, F, further stages 
in the development of the ultimate cell; F, a further stage in the development 
of the ascus; G, a stage similar to D except that the nucleus from the ulti- 
mate cell has migrated into the antepenultimate cell; H, further development 
of conditions seen in G (the asKHis has develoi>ed further while the antepenul- 
timate cell has produced a hook) ; /, three hooks and an ascus have devel- 
oped from the binucleate tip of an ascogenous hypha. (After Claussen) 

until just before the spores are formed. The number of chromo- 
somes is reduced in the division of the ascus nucleus to form the 
nuclei of the ascospores. 

Formation of asci. After the ascogenous hyphae are formed they 
continue to grow upward and branchy thus forming an extensive 




Fic. 689. Semicliagrammatic section of ascocarp of Pyronema confluens 

In the drawing are shown two old ascogonia from which ascogcnous hyphae 
have grown. Asci in various stages of development are shown at the ends of 
the ascogenous hyphae. Vegetative hyphae have grown up among the as- 
cogenous hyphae and have given rise to paraphyses in between the asci. 

(After Harper) 



Fig. 690. Diagrammatic cross section of ascocarp of Lachnea scutelUua 

Ascogenous hyphae are shown growing from the ascogonium and bearing asci 
in various stag^ of development at their tips. Some of the branches of the 
sterile hyphae form an outer covering for the ascocarp, while others grow up 
among the ascogenous hyphae and form paraphyses 
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branched system. At the tip of a Kypha which is to form an ascus 
there is a dicaryon. The tip curls over to form a hook (Fig. 688). 
The two nuclei now divide simultaneously to form four nuclei. Walls 



come in between the sister nuclei so 
that there are formed a uninucleate 
antepenij^timate cell, a binucleate 
penultimate cell, and a uninucleate 
ultimate cell. These compose the 
typical hook of the Ascomycetes. The 
two nuclei of the binucleate penul- 
thnatc cell are not sisters, but the 
result of the continuation of the si- 
multaneous or conjugate division of 
a dicaryon in the ascogenous hypha. 

The two nuclei in the penultimate 
cell may now fuse and this cell be 
transformed into an ascus, or fusion 
may be still further delayed and the 
penultimate cell grow out to form 
another hook. In the meantime the 


F.C. 691. Ascogoninm and an- and antepenultimate cells 

ihcridium of Ascobolus mag- Usually fuse and a nucleus of one mi- 
nificus grates into the other. The binucleate 


The antheridium, which is par- 
tially encircled by the tricho- 
gyne, is nearly empty. The 
trichog>'ne is multicellular, but 
the partial disiippearance of 
cross walls between a num- 
ber of the cells has opened 
a path for communication, 
through which the nuclei from 
the antheridium are migrat- 
ing. (X 625). After Gwynne- 
Vaughan and Williamson 


cell may then send out a hypha which 
becomes a hook. In this way there 
may arise a considerably branched 
system of fused cells and hooks which 
will give rise to quite a number of asci. 

Paraphyses. While the develop- 
ment described above has been going 
on, vegetative hyphae have grown up 
among the ascogenous hyphae and 
given rise to slender paraphyses among 


the asci (Fig. 689). Appearances indicate that the vegetative hy- 


phae and paraphyses bring up food material which is absorbed 


from the paraphyses by the developing asci. 

Sexuality in Pyronema confluens. In Pyronema and its relatives 
we see a tendency toward the degeneration of the sexual reproduo* 



605 


Fungi (Phycophyta) 


tive cells, a tendency which is manifest in various groups of the 
Ascomycetes and is continued in the Basidiomycetes, It is typical 



Fig. 692. Ascogonium of Ascobolus 
carbonarius 

Note that the tip of the multicellular 
trichogyne is coiled around a conidium. 
(x 300). After Dodge 


for Pyronema conjluens to 
have a functional antherid- 
ium; but, depending upon 
the variety or conditions, an 
antheridium may be present 
and fail to function or it may 
be altogether absent. Under 
such conditions the ascoge- 
nous hyphae nevertheless de- 
velop from the ascogonium. 
The fusion of oogonia and 
antheridia is therefore not 


absolutely necessary for the 


formation of ascogenous hyphae. In some of the relatives of 


Pyronctna an antheridium is never developed, but the ascogenous 


hyphae are formed from the ascogonium (Fig. 
690). In still other forms there is an extreme 
condition in the degeneration of sexual cells 
where ascogenous hyphae arise directly^from 
vegetative hyphae. 

In some of the relatives of Pyronema the tricho- 
gyne is nuilticellular (Fig. 691), and in one (A.sro- 
bolue carfxynarius) it apixjars to fuse with a conidium 
(Fig. 692). 

The delay in nuclear fusion from the ascogonium 
to the asci, and the accompanying great develop- 
ment of ascogenous hyphae which produce many 



asci, have resulted in a very much larger number ^ic, 693. Morel 
of nuclear fusions than tliere would have been had {Morchella) 
the sexual nuclei fused in the ascogonium. It has hvmenium cov- 

been suggested that the greatly increased number portion 

of nuclear fusions which has resulted from the ex- of the ascocarp. (x §) 
tensive development of ascogenous hyi)hae com- 
pensates for the degenerations of the primary sexual cells tliemselves. 

Relatives of Pyronema, The ascocarp of Pyronenui is known as an 
apothecium. At maturity the hymenium of an apothecium is exposed, 
and is a broad continuous layer, instead of being enclosed as in a peritbe- 
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cium. The order Pezizales hicludes a wide variety of fleshy forms in which 
the ascocarp is an apothecium. These fungi are frequently called cup 
fungi, because the ascocarp is often cup-shajxjd (Fig. 680) or disk-shai^ 
as in Pyroneina, The ascocarp may be with or without a stalk. In some 
forms the fertile portion, instead of being cup-shaped or disk-shaped, may 
be knob-shaped or club-sha|)ed ; and in the edible morels the ascocarp 
is club-shai)ed with the fertile jK>rtion much folded or indented (Fig. 693). 

Origin of Ascomycetes. In the case of the Ascomycetes, just as 
in cases of other groups of fungi which we have considered, there is 
divergence of opinion as to their evolutionary history. Those who 
believe that the fungi are a heterogeneous group derived from 
various classes of algae are inclined to the belief that the Ascomy- 
cetes are descended from the red algae. Other authorities believe 
that they have been derived from the Zygomycetes. These views we 
will discuss later. 


Hemiascomycetes 

General characteristics. The Hemiascomycetes are character- 
ized by a very simple structure and the lack of ascogenous hyphae. 
Sexual reproduction is due to the conjugation or fusion of two cells. 
In some cases the fusing cells are alike ; in others they are unlike, 
and may be regarded as male and female, as the nucleus from the 
smaller cell migrates into the larger (Fig. 694). The cell formed by 
the fusion may become an ascus (Fig. 694) or grow out to produce 
an ascus (Fig. 695). 

Dipodascus. Perhaps the most primitive of all known Ascomycetes is 
Dipodascus. The hyphae of THpoflnscm are branched and comiK)8ed of 
multinuclear cells. The sexual reproductive cells arc formed by the putting 
forth of tubes by two neighlwring cells (Fig. 695). In the course of their 
development one becomes larger than the other. This acts as a female cell. 
In both the male and the female cell there are fairly numerous nuclei, but 
only a single nucleus of the male cell becomes differentiated as the male 
nucleus. This migrates into the female cell, where also there is only a single 
nucleus differentiated as a sexual nucleus. The two sexual nuclei fuse, 
and the cell grows out to form an elongated ascus. The fusion nucleus 
divides to form numerous nuclei, each of which becomes the nucleus of an 
ascospore. 

Similarities between ilscomycefes and Zy^omycefes. There are 
numerous striking points of similarity between the higher Zygcmy^ 
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cetes and the simpler Ascomycetes, Many of the simpler A seamy- 
celes are characterized by an abundant production of conidia, and 
both the conidia and conidiophores are very similar to those of the 
higher Zygomycetes, 

Sexual reproduction in the higher Zygomycetes is also very 
similar to that of some of the Ilemiascomycetes, In both cases we 



Fic. 694. Endomyces magnusiL one of the Hemiascomycetes 

Af a hypha; B, early sta^'c in (level. )pnH*nt of sexual (‘ells; (\ male and female 
''ells ready for fusion; D, cells have f list'd; E, male and female nuclei have 
fused; F, ascus with four s{K»res formed from fertilized female cell. (After 

Guilliermond) 

note the fusion of unctiual cells in each of which there is a single 
functional sexual nucleus (compare Fig. 676 and Fig. 694). In 
Dipodascus the female cell grows out to form an ascus (Fig. 695) ; 
in some of the higher Zygomycetes it may grow out to form a thick- 
walled spore (Fig. 676). Such facts as the above have been in- 
terpreted as showing that the Ascomycetes represent a further 
development of evolutionary tendencies found in the Zygomycetes, 

There is a good deal of similarity in the general character of the inycelia 
of the two groups. In the more primitive Zygomycetes a plant is a large 
single-celled coenocyte, but in some of the more advanced forms there 



608 The Plant Kingdom 

is a tendency towards the development of septation. In the Ascomycetea 
the hyphae are septate, but multinucleate cells are very characteristic of 
the group. The development of septation in the hyphae of the Ascomy- 
cetes may be similar to the derivation of the Siphmiocladiales from the 
Siphonales by increased septation. 

In the Zygomycetes we noted a change from many-spored sporangia to 
sporangioles, and then to conidia. 



il~C, fusion of large and small cells; D, habit of plant and formation of 
ascus; ascus with spores; h\ escape of spores. (After Lagerheim) 

The fusion of male and female gametangia in the Ascomycetes has been 
interpreted as a continuation of a development of heterogamy initiated in 
the Zygomycetes (Fig. 676). 

In some of the higher Zygomycetes nuclear fu8K)n does not follow im- 
mediately after the fusion of the larger and smaller cells, but takes place 
in an outgrowth from the larger cell (Fig. 676). This has been inteq^reted 
as a tendency toward a delay in nuclear fusion, a continuation of which has 
resulted in the development of ascogenous hyphae, conjugate division, 
and a delay of nuclear fusion until the ascus. 
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Yeasts 

Yeasts are microscopic plants belonging to the genus Sacchar<h 
myces and related genera, and are included in the Hemiascomycetes. 

They are essentially unicel- 
lular and uninucleate plants, 
but may form chains or ir- 
regular groups of cells (Fig. 
696). They are particularly 
interesting on account of 
their method of obtaining 
energy and also because of 
their great economic impor- 
tance. Yeast plants obtain 
energy by converting sugar 
into alcohol and carbon di- 
oxide, a process which is 
known as alcoholic fermenta- 
tion. This process is the basis 
of the commercial manufac- 
ture of ethyl or grain alco- 
hol and of alcoholic drinks. Yeast is also used in raising bread, 
and for this purpose is sold in the 
form of yeast cakes. The fungus 
causes the sugar in the bread to 
be converted into alcohol and 
carbon dioxide, and it is the pro- 
duction of the carbon dioxide that 
is responsible for the formation of 
holes in the bread. 

Reproduction. A very common 
and easily obtained yeast is the 
beer yeast, Saccharomyc.es cere- 
visiae. When the plant is not in 
active growth it consists of single 
cells. Asexual reproduction is by 
budding. In this process a protuberance grows from the parent 
cells and is constricted off, thus forming a new individual. A 


Fic. 697. Schizosaccharomyces 
octosporus 

UpfHT line shows fusion of two 
cells; in the hvst figure the two 
nuclei are fusing. Lower line 
shows the development of asciis: 
the single fusion nucleus first 
divides to eight, and the eight as- 
cospores are cut out. (After 
Guilliermond) 



Fic. 696. Yeast iSaccharomyces) j show- 
ing single cell, budding cells, and the 
formation of ascospores in cells. ( X 960) 
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daughter cell may begin to bud before it has been constricted from 
the parent cell, and in this way chains or irregular masses of cells 
may be formed (Fig. 696). 

Under certain conditions the contents of the cell may divide 
to form four spores. The whole cell is then interpreted as an ascus 
and the spores as ascospores (Fig. 696). Connecting links between 
this type of ascus-formation and that found in the previously dis- 
cussed forms of Hemiascomycetes are afforded by species of yeast 
in which there is sexuality. In these, two cells fuse and the fusion 
product becomes an ascus with ascospores (Fig. 697). We thus 
find in yeast a tendency toward the degeneration of the sexual 
process, analogous to a similar tendency noted in Pyronema and its 
relatives. 


Aspergillus and Penicillium 

General characteristics. The genera Af^pergillus and Penicillin 
um are among the simplest of the true Ascomycetes, In them repro- 
duction by conidia borne on conidiophores is much more abundant 



Fic. 698. Green and yellow 
molds 


A, the green mold (PemcUr 
Hum); B, the yellow mold 
(Aspergillus) 



Fig. 699. Aspergillus herbariorum 

Left, section of porithccium. In the perithe- 
cium are stjfm sections of the Jisci irregularly 
arranged. Upper right, a single ascus. By 
comparing this with the left figure, the asci 
can be located. Lower right, sexual filaments. 
(After Fraser and Chambers) 


than reproduction by ascospores. In Aspergillus the conidio- 
{diore has a rounded tip from which radiate filaments that produce 
rows of spores. There are very common species which have green, 
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black, or yellow conidia and are known as green, black, or yellow 
molds. The growth of these molds is very much shorter and more 
compact than that of Rhizopus nigricans. The conidia of Penicil- 
Hum are borne in chains at the end of branched conidiophores, 
Penicillium is usually some shade of green, and, like Aspergillus^ is 
very common. One or the other of these genera is very frequently 
found as a coating on a great variety of organic substances, imdud- 
ing bread, cheese, rotting fruits, jams, preserves, and leather. 

The particular characteristics which appear in Roquefort and 
Camembert cheeses are 
due to the growth of 
Penicillium roqueforti and 
Penicillium cajiiemherti 
respectively. Penicillium 
roqueforti can be readily 
distinguished in Roque- 
fort cheese by its green 
color, while Penicillium 
camembert i is seen as a 
whitish covering around 
a Camembert cheese. 

The soft consistency of 
Camembert cheese is due 
to enzymes secreted by 
the mold. 

The ascocarp of Aspergillus and Penicillium consists of a small 
and simple porithecium which is without an opening and in which 
the asci are irregularly distributed (Fig. 699). The formation of 
the ascocarp is init iated by two simple similar filaments which coil 
around each other and appear to fuse (Fig. 699). 

Powdery Mildews 

The powdery mildews are parasites on the leaves of higher 
plants. The mycelium grows on the surface of the leaf and sends 
out haustorial branches which penetrate the cells of the leaf and 
absorb nutrition material. Early in the season they produce 
conidia borne on conidiophores (Fig. 700). These are often so 



Fic. 700. Erysiphe pannosa 

Conidiophores producing conidia on the sur- 
face of the leaf. (After Tulasne) 




Fig. 701. Perithecia of Erysiphe^ one of which is shown in section 
After Tulasne 



Flc. 702. Appendages from the peri- 
tbecia of various species of powdery 
mildews 

After Salmon and Tulasne 


Fig. 703. Ascogonium and antheridium 
of Sphaeroiheca castagnei^ one of the 
powdery mildews 

A, the ascof^nium is to the right; 
the ascoqronium is to the left; (7, the 
antheridium mother cell is hinucleate ; 
Df the antheridium is cut off ; the 
antheridium nucleus has migrated into 
the ascogonium. (After Harper) 



Fic« 705. Daldinia 

Aacocarps g^rowing on a dead branch ( x i) ; below, section Uirough an aacocarp 
showing numerous perithecU in the outer layer (x 1) 
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abundant as to give the leaf the appearance of being dusted with 
powder. This leads to the name '' powdery mildews.^' 

Ascocarps are usually formed later in the season than the co- 
nidia. The ascocarp is a single perithecium without an opening 



FiC. 706. Cordyceps militaris on 
a dead caterpillar 

After Tulasne 



Fic. 707. Parasitic ascomycetes 

Left, UsHlaginoidea virem^ an ascomycete 
parasitic on rice {Oryza saliva) ( X J) ; right, 
ergot (Claviceps purpurea) y&n ascomycete 
parasitic on rye (X 5). In both cases the 
black bodies are produced by the fungus 


(Fig. 701 ). Within the perithecium there is a single ascus, or a few 
asci arranged in a compact group and not scattered irregularly as in 
PeniciUium and Aspergillus, Some of the cells of the covering of 
the ascocarp grow out and form long characteristic appendages 
(Figs. 701 , 702 ).* These appendages are one of the most conveniei\t 
features for distinguishing different species. 

The vegetative cells are uninucleate, as are also the ascogonia and an- 
theridia. The ascogonium is a somewhat oval cell, while the antheridium 
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is a small cell cut off from the end of a branch (Fig. 703). Where the 
antheridia and ascogonia come in contact, an opening is formed between 
the two by tlie dissolving of the cell walls and the nucleus from the anther- 
idium migrates into the ascogonium. An ascogenous hypha is produced 
by the ascogonium, and this gives rise to the asci. While in some of the 
IX)wdery mildews there is a functional antheridium, in others the anther- 
idiurn appears not to function, and so there would seem to be an indica- 
tion of the degeneration of the sexual cells such as w^as noted in other 
groups of Ascomycetes. 

ASCOMYCETES WITH OPEN PERITHECIA (BLACK FUNGI) 

Among the Ascomycetes there are a tremendous number which 
have peril hecia with a definite opening through which ascospores 
are discharged. All these are sometimes placed in a single group, 






Fig. 708. Claviceps purpurea 

Left, section of conidial stage before 
the formation of the horny sclero- 
tium. (After Tul;isne.) Right, for- 
mation of conidia in a culture. 
(After Brefeld from Tavel) 


Fic. 709. Claviceps purpurea 

Upper left, perithecial heads grow- 
ing from sclerotium; center, peri- 
thecial head; right, section of 
perithecial head showing numer- 
ous perithecia; lower left, section 
of a perithecium showing asci; 
lower right, asci and ascospores. 
(After Tulasne) 


the PyrenomyceteSj sometimes called "black fungi’' because sev- 
eral species of them produce black or blackish masses. In some 
cases the ascocarp consists of a single perithecium, w^hile in others 
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Fic. 710. Truffle (Tuber bru- 
male), an edible fungus in 
which the ascospores are en- 
closed in a sterile covering, 
(xi) 


it may contain very numerous perithecia. One of the most con- 
spicuous of this group is Xylaria^ which is very common on rotten 

wood (Fig. 704). It forms long club- 
shaped or branched ascocarps, in the 
surface of which are embedded very 
numerous perithecia. 

Claviceps purpurea, Claviceps purpurea 
is known as ergot. It is very interesting not 
only because it Ls parasitic on various grasses, 
particularly on rye, but also because it fur- 
nishes an inijMirtant medicine (Fig. 707). The 
ascospores infect the ovaries of the host plant 
and form a mass of hyphae which produce 
conidia (Fig. 708). Later the production of 
conidia ceases, and the hyphae produce an 
elongated hard structure known as a sclero- 
tiurn (Hgs. 707, 709). It is this sclerotium 
that is used in medicine. The sclerotium 
I)ersi.sts throughout the winter. In spring, 
when sufficient moisture is present, it l>egins 
to grow' by sending out columns of hyphae 
at the ends of which perithecial heads are 
formed. Many perithecia are developed in 
the periphery of the head, and each contains 
numerous ascospores (Fig. 709). 

Truffles 

The truffles are a genus of tuberous 
Ascomycetes which are developed under- 
ground, and in which the asci are devel- 
oped within the ascocarp (Figs. 710, 
711). Several of the species are highly 
valued as articles of food. In France 
the gathering of truffles is an important 
industry, and large areas have been 
reforested with trees around the roots, 
of which truffles grow. The export of 
truffles from Francfe before the World War amounted to as much 
as fifteen million dollars a year. 



Fic. 711. Truffle (Tuber 
rufum ) 

Above, section of the truffle 
(x 3) ; below, section of small 
portion showing asci (x 260). 
After Tulasne from Tavel 
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* Laboulbeniales 

This is a small group of minute Ascomycetes none of which are more 
than a millimeter in length. They grow attached to living insects. A few 
of them send haustoria into the insect, but most of them do not. Fig. 712 
shows a typical plant with a female branch to the left and a male branch 
to the right. On the male branch are seen a number of antheridia, from 
three of which naked non-niotile male cells are escaping. In the center of 
the female branch is seen an ascogonial cell, above which is another large 
cell, and above this a trichogyne which projects 
as a long slender protuberance at the tip of the 
branch. Male cells from the antheridium come 
in contact with the trichogyne and cling to it. 

It has been presumed that a nucleus from a male 
cell migrates down tlirougli tlic trichogjme and in- 
termediate cell into the ascogonium cell, although 
such a n.igraiion has not been demonstrated. In 
some s|x*cies no male cells are produced. The asco- 
gonial cell sends out i)ranches which produce asci. 


Relationship of Ascomycetes 

The chief interest in the Lahovlbeniales lies in 
the likeness which nmny have seen in them to 
the red algae. The peritliecium of the Lahoulbe- 
niales has been considered as similar to the cys- 
tocarp of the red algae. Other points of similarity 
are seen in the trichogynes and in the mm-motile 
male cells which are formed in antheridia and are 
caught on the trichogynes. If, as has been pre- 
sumed, there is a migration of a nucleus from the 
male cell through the trichogyne to the carpogonial cell, this is still another 
point of similarity. The method by which the branches which give rise to 
the asci are formed from the ascogonium also shows certain points of re- 
semblance to the formation of branches which produce carpospores in the 
red algae. Owing to all the above similarities, it has been believed by many 
botanists that the Ascomycetes are descended from the red algae through 
forms having many points in common with the Laboulbeniales, 

The above view is diametrically opposed to that which holds that the 
Ascomycetes are descended from the Zygomycetes, Adherents of the latter 
view claim that while superficially there is considerable resemblance be- 
tween the reproduction of the red algae and that of the Laboulbeniales, 
the details are very different, and that the Laboulbeniales are much closer 



Fic. 712. Stigmatomy^ 
ces baerii, one of the 

Laboulbeniales 

Left, a plant with 
female branch to the 
left and male branch 
to the right ; right, a 
perithecium in which 
asci are developing. 

(After Thaxter) 
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to the Ascomycetes than to red algae. It is pointed out that the method of 
ascospore formation is entirely different from anything known in the red 



Fic. 713. Portion of hymenium of a mushroom, showing basidia of 
different ages. <X 860) 



Fic. 714. A pore fungus ( Fames 
pachyphloeus) on a tree trunk. 

fx A) 



Fic. 715. Side view and section of a 
pore fungus (Fames pachyphloeus) 

The layers in the lower drawing show 
pores formed during successive sea- 
sons. (x i) 


algae. The male cells are regarded as modified conidia ; and the fertilisa- 
tion by means of conidia is explained as being connected with the de- 
generation of sexual cellS) conidia having taken the place of the antheridia. 
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In one of the Ascomycetes related to Pyronema {Ascobolus carbonarius) 
there is evidence for the fertilization of ascogonia by conidia, and in the 
lichens by conidiumlike sperrnatia (Fig. 777). In these, as in the Laboul- 
benicUeSf nuclear migration into the ascogoniurn has not been demonstrated. 

In building up the theories of evolution within the Ascomycetes there is 
a great similarity in the forms and structures used, and much the same 
series results, except that the series is read in opposite directions. 

The theory that the Ascomycetes are descended from the Zygomycetes 
has been discussed previously. According to this theory the sexual fusion 




Fig. 716. Conidia of some Basidwmycetes 

A . B, Corlicium alutaceum : T, />, Pomes annosus: F, Coriicium effuscatum. 
(After Lyman and Brefeld) 


in the Hemiascomycetes is derived from that in the higher Zygomycetes^ 
while the typical ascogonia and antheridia of the Ascomycetes are the 
development of the sexual cells of the Hemiascomycetes. The degeneration 
of sexual cells, so commonly observed in the Ascomxjcetesy and particularly 
the degeneration of the antheridia, leads to the substitution of a conidium 
for an antheridium, as seen in Ascobolus carbotmriiis. The conidium is 
modified into the conidiumlike sperrnatia in the lichens, while some such 
form as these is further modified into the male cell of the Laboulbeniales, 
According to the theory that the Ascomycetes are derived from the red 
algae, the iMbotdbeniales are primitive forms, in which the carpogonium 
and trichogyne of the red algae have become changed into the ascogoniurn 
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and trichogyne of the Ascomycetes, The male cells of the Laboulbeniales 
are derived from those of the red algae. In the ascomycetous lichens, re- 
garded as another primitive group, they appear as conidiumlike spermatia. 
In Ascobohis carbonariiis they have been replaced by conidia. In typical 
Ascomycetes some such structure develops into the typical antheridium of 
the Ascomycetes, The HemiascomyceteSy according to this theory, are de- 
generate forms. 

CLASS BASIDIOMYCETES 

v/ General characteristics. The distinguishing characteristic of 
the Bdsidiomycetes is the basidium, just as the ascus is of the 
Ascomycetes, The basidium is typically a club- 
I shaped structure which bears four spores (Fig. 

713). The Basidiomycetes include very many 
^ and very varied forms. Among them are the 

^ largest and most conspicuous of all fungi. They 

^ are very familiar as mushrooms and bracket 

J fungi (Figs. 714, 715). The B(hsidiomyc^tes have 

1 become thoroughly adapted to aerial conditions, 

^ and offer a striking contrast to the Oomycetes in 

that none of them live in water. The Basidiomy- 
cetes are similar to the Ascomycetes in having 
\ septate hyphae. 

For convenience the Basidiomycetes may be 
divided into two large groups, the Eubasidiomy- 
\ cetes and the Heterobasidiorny cetes. In the Eubasid- 

\ iomycetes the basidium is a non-septate swollen 

\ end of a hypha, from which project slender fila- 

\ ments known as sterigrnata, usually four in 

number, each of which terminates in a single 
Fic. 717. Oidia basidiospore (Fig. 713). 

ph™^of ^Co™y6io addition to basidiospores, the Basidiomy- 

conigena cetes may have conidia similar to those of the 

After Kniep Ascomycetes (Fig. 716). However, conidia are 

much less important in the Basidiomycetes than 
in the Ascomycetes^ and in the higher Basidiomycetes they play 
a very unimportant role. To a considerable extent their place is 
taken by oidia, which are cells formed by the breaking up of 
hyphae (Fig. 717). The Basidiomycetes also reproduce by sprout 
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cells. These are formed as buds, and are constricted off in the 
same way as are bud cells of yeast. 

The Evbdsidiomycetes can conveniently be again subdivided 
into two large groups, the Hymenomycetes and the Gasteromycetes, 


Hymenomycetes 


General characteristics. The Hymenomycetes are characterized 
by having the basidia borne in a layer, called a hymenium, which is 
usually compact, and which, when the fruit body is mature, forms 
an exposed layer (Fig. 713). 

Forms of Hymenomycetes. There are a great variety of forms 
among the Hymenomycetes. The simplest fruit bodies consist of a 



Fig. 718. Maltruchotia varians 

Left, habit; center, conidia; right, basidia. 
(After Boulanger) 



Fig. 719. Corticitun 
on a dead branch, 
(xi) 


loose cobweblike structure which may cither form a thin coating 
over the substratum or take other forms (Fig. 718). In the early 
stages of such fruit bodies there may be an extensive production of 
conidia, followed later by basidia with basidiospores. 

The forms with compact fructifications which are regarded as 
most primitive are those that form smooth coatings on the sub- 


622 


The Plant Kingdom 

stratum (Fig. 719) and those {Clavariaceae) in which the fruit body 
has club-shaped branches covered by the hymenium (Fig. 720). 

Basidiospores do not fall 
from the sterigmata, but are 
shot out a short distance by 
the turgor of the basidium. 
With few exceptions the hy- 
menium of the Ilymenomy- 
cetes is on the lower surface. 
Various factors, such as pro- 
tection from dust, from rain, 
or from drying, may be influ- 
ential in this. It would aj)- 
pear, however, that the pro- 
duction of spores on the lower 

Fic. 720 . Clavarui surface of the fruit body is 

. , . . t. . , . also connected with the small 

A basidiomycete m which the hymenium , i.- u 

covers the coral-like branches. (X §) distance to which the spores 

are shot when they are dis- 
charged from the basidium. This distance in most cases would not 
be great enough for them to clear the fruit body if the hymenium 
were on the upper surface. 

The great majority of the 
Hymenomycetes have fruit bod- 
ies of three general types, re- 
supinate (Fig. 719), bracket 
(Figs. 714, 715), and stipitate 
(Fig. 721). The resupinate type 
forms a coating which adheres 
closely to the substratum, such 
as the under surface of a decay- 
ing log or branch. Such forms 
are, in general, the simplest and 
most primitive. The resupinate Fic. 721 . A tooth fungus (Hydnum) 
forms grade into others, the 

edges of which project from the substratum. These, in turn, 
grade into bracket forms. The most highly developed types are 
the stipitate. These have a stalk or stipe. In general the simplest 
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of the stipitate forms are those with lateral stipes, and the more 
advanced those with central stipes. 

All of these three types, resupinate, bracket, and stipitate, in- 
clude forms in which the hymenium is a smooth, continuous, ex- 
panded layer {Thelephoraceae, 
Figs. 719, 722) ; forms in which 
it covers teeth or toothlike plates 
{Hydnaceae, Figs. 721, 723, 724) ; 
and forms in which it lines the 
inside of pores {Polyporaceae^ 
Figs. 714, 715, 725; and Boleta- 
ceae, Fig. 726). 

Forms with spines and pores 
probably developed from forms 
with smooth surfaces. Between 
the typical smooth surface of the 
smooth forms and the deep pores 
of the Polyporales we find inter- 
mediate forms with folded surfaces and others with shallow pores. 

The most advanced of the Hymenomycetes are the Agaricacede, 
or gill fungi (Fig. 727). In these the hymenium covers radiating 
hanging plates or gills. The two most important families of the 
Hymenomycetes are the Poly- 
poraceae and the Agaricaceae, 

Primary hyphae. The ba- 
sidiospores of the Ilymenomy- 
cetes usually germinate to pro- 
duce either a mycelium with 
uninucleate cells or one in 
which the cells are at first mul- 
tirmcleate but become uninu- 
cleate by septation. These 
hyphae are known as the first, 
or primary, hyphae. It is the uninucleate mycelium that usually 
gives rise, to such reproductive structures as oidia (Fig. 717) 
or conidia, if these are present. Neither these uninucleate hy- 
phae nor any other type of hyphae are known to produce special 
sexual cella 



Fig. 723. A resnpinate form of Hydnum^ 
a tooth fungus growing on a dead 
branch. ( X 1) 



Fig. 722. Bracket and stipitate Ba- 
sidiomycetes with smooth hymenium 

Left, Stereurn lobatum (x J) ; right, 
St ere urn affine (x li) 
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Secondary hyphae. In the Hymenomycetes, in spite of the fact 
that there are no sexual organs, the uninucleate hyphae are usually 
sexually differentiated. There are two strains which correspond to 








Fig. 724. A bracket form of Hydnum, ( X J) 


the + and — strains of the molds, and unless there is a union of these 
two strains no fruit bodies are formed. When a cell from a + and one 
from a — hypha meet, two cells unite and the nuclei form a dicaryon 
— of a binucleate cell (Fig. 728). 

This gives rise to a mycelium 
with binucleate cells. The nuclei 
composing a dicaryon divide to- 
^ gether by con j ugate division (Fig. 
729). There are various compli- 
cations, but it seems to be typi- 
cal for both nuclear and cell di- 
visions to take place in much the 

Fte. 725. Porto, • reanpinate pore same way as in the later or hook 
fnngus. ( X 3) stages of the ascogenous hyphae. 
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This typical process is as follows (Fig. 729) : Before the nuclei 
begin to divide, a hooklike projection known as a clamp grows out 
from the hypha between the two nu- 
clei and curves toward the base of the 
cell. The nuclei migrate so that one 
is partly within the projection and 
the other near its base. In dividing, 
the nucleus which is partly within 
the clamp forms a daughter nucleus 
toward the tip of the main cell and 
one in the clamp. One of the daugh- 
ter nuclei of the other nucleus is 
above the clamp and the other below 
it. A cell wall is then formed across 
the base of the clamp, and another 

across the main cell. This results in a fungus ( x i) 

binucleate terminal cell, a uninucleate 

clamp cell, and a uninucleate basal cell. Usually the tip of the 
clamp cell fuses with the basal cell and its nucleus enters the 




Fig. 727. Development of a gill fungus, the deadly amanita {Amanita 

phalloides) 

Redrawn after Longyear 


basal cell so that the latter again becomes binucleate. The result 
is that instead of one binucleate cell there are two binucleate cells, 
and that the two nuclei in a cell are not sisters but are the result 
of conjugate division. 



Fig. 728. Corticium serum 


Conjugation of hyphae produced by germinating spores. Note clamp 
connections. (After Lehfeldt) 




Fig. 729. Semidiagrammatic representation of conjugate division and forma* 
tion of clamp connections in the hyphae of Basidiomycetes 

Based on figures by Kniep 
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A terminal cell of a hypha with a hooklike clamp is apparently a 
slight modification of a hook of the Ascomycetes, The clamp cell 
of the Basidiomycetes appears to correspond to the ultimate cell of 
the ascus hook, the terminal binucleate cell to the binucleate cell 
of the hook, and the uninucleate basal cell to the basal (ante- 
penultimate) cell of the ascus hook. In both cases the basal cell 
may become binucleate by the migration of a nucleus from the tip 
of the hook. 

Tertiary hyphae. When the secondary hyphae have stored sufficient 
food niaccrial and the conditions are otherwise favorable, the mycelium 
begins to form the fruit body. This process is not initiated by any sexual 
process, as the cells of the hyphae are already binucleate and this condition 
continues until the formation of the basidia. In the formation of the fruit 
body the hyphae become difTerentiated for the various functions which 
they are to ix^rform, and are known as tertiar}’’ hyphae. 

Some of the hyphae may be differentiated into conduction cells by en- 
larging and losing their cross walks. In function these are like the sieve 
tubes of the flowering plants. Other hyphae may develop thick walls and 
even become woody, and thus serve as strengthening or protective hyphae. 
These take the place of sclerenchyma in higher plants. In many genera 
some of the hyphae become modified into latex ducts which, superficially, 
correspond to the latex ducts of angiosperms. 

Formation of basidium. The basidium is formed by the enlarge- 
ment of a terminal cell (Fig. 730). This cell may result from nuclear 
and cell divisions of the type previously described (Fig. 730), but 
this method is not universal. As in the case of ordinary hyphae, 
the nuclei may divide without clamp connections. A tip cell which 
gives rise to a basidium is naturally binucleate. In the basidium 
the two nuclei fuse to form the mother nucleus of the basidium 
(Figs. 730, 731). The fusion nucleus divides to form four nuclei. 
Four slender projections, sterigmata, grow from the tip of the 
basidium, and the tip of each of these enlarges to form a basidio- 
spore. The four nuclei of the basidium then migrate singly through 
the sterigmata into the basidiospores (Fig. 731). 

Variations in life history. Variations from the above-described life 
history include species which are homothallic and cases in which the nuclei 
of a dicaryon divide conjugatively in the hyphae without the formation of 
clamp connections. In one interesting case a basidium produces two 




Fig. 730. Formation of basidium of Armillaria mucida 


A, end of a hypha, bearing in the center a young basklium and to the left and 
right hyphae which will also give rise to basidia; /?, binucleate terminal cell 
showing the beginning of clamp formation; C, one nucleus has migrated into 
the clamp ; D, conjugate division of the two nuclei, one division spindle being 
partly in the clamp ; nuclear division has been completed anti walla have 
been formed so as to produce a uninucleate basal cell, a binucleate basidium, 
and a uninuoleate clamp cell; F, the clamp cell has fused with the basal cell, 
its nucleus has migrated into the basal cell, and the basal cell is sending out 
another hypha; 0, the two nuclei in the basidium have fused to form the 
primary nucleus of the basidium, in which the nucleoli are prominent; //, a 
further stage in the development of the basidium and its nucleus; 7, the 
primary nucleus of the basidium has divided to form four nuclei which will 
migrate into the four spores ; at the tip of the basidium four projections which 
will give rise to basidiospores are already formed. (After Kniep) 
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basidiospores, each of which re- 
ceives two nuclei from the basid- 
ium. These two nuclei form a 
dicaryon. The first division in the 
hypha which grows from the ger- 
minating spore is conjugate and 
with the formation of a clamp con- 
nection (P'ig. 732). Here the dica- 
ryon condition persists throughout 
the whole life of the plant except 
for the brief phase in the basidium 
after the nuclei of the dicaryon 
have fused to form the nucleus of 
the basidium and before the divi- 
sion of this has produced the nu- 
clei for the basidiospores. 

Origin of Basidiomyceies. 

The Basidiomycetes are gener- 
ally regarded as being descended 
from {he A scorn yceies. The great 
similarity between the secondary hyphae of the 
Basidiomycetes and the ascogenous hyphae of 
the Ascomycetes is strong evidence in support 
of this view. In many groups of Ascomycetes 
there is a progressive degeneration of the sex- 
ual cells until the ascogenous hyphae arise 
from vegetative cells. In the Euhasidiomycetes 
the absence of specially differentiated sexual 
cells has become universal and there is a union 
of vegetative cells. 

In the Ascomycetes the stage in which there 
are dicaryons dividing by conjugate division 
IS confined to the ascogenous hyphae, which basidiospore of Go- 
are reproductive in function. In the Basid- lera tenera /. 6ispo- 
iomyceies this phase has been lengthened germinating 
to include the greater part of the vegetative The two nuclei form 
development. a dicaryon. Notice 

T 1 . 1 . 1 . 1 i . early appearance of 

In the Basidiomycetes there is reproduction ^lamp oonnections, 

by conidia similar to that in the Ascomycetes/ (x800). AfterSass 




Fig. 731. Formation of basidiospores 
by basidium 

A, binurleato i)asi(lium. two 

nuclei have fused to form ijrimary 
nucleus of basidium. C\ primary nu- 
cleus of basidium is dividing. 79, 
basidium contains four nuclei formed 
by the division of the primary nu- 
cleus; the storigmata and basidio- 
spores are already formed. F, mi- 
gration of nucleus into hasidiospore. 

(After Ruhland) 
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Along with the development of the importance of the secondary 
mycelium and a great efficiency in basidiospore production there 
has been a decrease in the importance of conidia. These are con- 
fined largely to the primary mycelium. 

The basidium with its basidiosiK)ies is regarded as a modified ascus. 
The cell which becomes the basidium may be formed in a way which is 
very similar indeed to tlie formation of the cell which becomes an ascus in 
one of the typical Aficomycetes, Usually the nucleus of an ascus divides 
into eight nuclei and there are eight iuscospores. In the basidium the 
nucleus usually divides into four and there are four basidiospores. How- 
ever, in some Basidioinycetes which may be regarded as primitive, and 
which otherwise have a ty()ical ba.‘<idium, the nucleus of the basidium 
divides into eight and there are usually eight basidiospores. 

The striking difference betw^een the ascus and the l.)asidium is the 
fact that ascospores are formed inside the ascus and basidiospores on 
the outside of the basidium. This is thought to be due to a process similar 
to that by wdiich a sporangium of one of the ZygomyceteSy such as RhizopuSf 
has been converted into a group of conidia on the rounded head of a 
conidiophore. 

Polyporaceae. In the Polyporaceae, or pore fungi, the hy- 
menium is the lining of pores, which in many cases are long and 
narrow (Figs. 714, 715). The pores hang down vertically, and the 
force of the discharge of the spores is just great enough to carry 
them to the middle of the tube so that they may fall freely. After 
falling from the pore they may be caught by the wind, and, owing to 
their lightness, be carried to considerable distances. Some of the 
Polyporaceae are small ; others are very large. They are mostly 
leathery, corky, or woody. Some have perennial fruit bodies and 
each year add a new and wider layer of pores over the lower surface 
of these (Figs. 714, 715). The number of spores produced by a 
large fruit body may be enormous. A large one may produce as 
many as one hundred billion spores per annum ; and spores may 
be discharged at the rate of at least a million a minute for several 
hours or days. 

Agaricaceae. The Agaricaceae are often called gill fungi be- 
cause the hymenium covers the surface of thin plates or gills which 
hang down from the pileus and radiate out from the stalk. Most of 
the Agaricaceae have a central stipe (Fig. 727). The name ''mush- 
room is variously used for all Agaricaceae or for the edible Agarir 
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caceae. Agaricaceae usually grow saprophytically on decaying 
vegetable matter in the soil, but some are parasitic on trees. 

In the young stages of the Agaricaceae the edge of the pileus is 
joined to the stipe. In many this connection becomes a fairly 
firm thin sheet which is ruptured as the mushroom expands, and 
remains as a veil, or annulus, attached to the stalk (Fig. 727, right). 
This is true in the common cultivated or field mushroom, Agaricus 
campestris. In the young stage of many mushrooms the unex- 
panded pileus and stipe are enclosed in a stout covering through 
which the mushroom, in expanding, breaks ; and this persists as a 
cup or volva around the base of the stipe (Fig. 727). 

Many of the mushrooms are edible and are delicious articles of 
food. Others are very poisonous ; this is particularly true of vari- 
ous species of Amanita^ a genus which is characterized by having 
both veil and volva (Fig. 727). There arc also species of mush- 
rooms which make p)eople sick but which are seldom, if ever, fatal. 
Still others appear to be poisonous to some but not all people. As 
poisonous and edible species may be found in the same genus, 
there is no way of distinguishing poisonous and edible mushrooms 
except by knowing the individual species. 


Gasteromycetes 

General characteristics. The Gasteromycetes are distinguished 
from the llymenomycctes by the fact that in them the hymenium 
is found on irregular plates of tissue which anastomose to form a 
system of cavities (Fig. 733). The fertile tissue is surrounded by a 
covering of sterile tissue which does not open until the spores are 
mature. 

It is characteristic of the basidiospores of the Gasterowycetes to have 
two nuclei. On germination the basidiospore gives rise to a mycelium with 
binucleate cells in which the nuclei form a dicar\"on and divide from the 
first by conjugate division. Most of the Hymenomycetes have uninucleate 
basidiosjwes which give rise to a primary mycelium with uninucleate 
cells. Some of the Hymenomycetes are like the Gasteromycetes in having 
binucleate basidiospores which germinate to produce a mycelium with 
binucleate cells. In these and in the Gasteromycetes, the primary mycelium, 
characteristic of the HymenomyceieSy seems to be omitted. 




Fic. 733. Section of Hymenogaster 

decorus, one of the tuberous Gas- Fic. 734. Puffball (Lycoperdon 


teromycetes cyathiforme) 

The hymenium linos tho cavities. Redravm after Farlow. (xj) 

(x 18). After Rehsteiner 



Fic. 735. Puffballs which have one, "f which 8iirr..un(l8 the spore mass 

opened at the top. ( X IJ) while the other curves back, forming a star- 

shaiKHi structure. (X J) 



Fic. 737. Geaster hygrometricus Caloiioma fu$ca 

lioft, position when moist ; right, po- The upj^r portion contains the 
sition when dry, (X i) spores ; the loww part is the stalk. 

(X}). After Cooke 
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Types of Gasteromycetes. The Gasteromycetes include a number 
of very curious and interesting forms. Among these are the puff- 
balls (Figs. 734, 735). When the puffball is mature, it has a tough 
outer covering within which the spores occur in a powdery mass. 
These fungi get their name from the fact that spores puff out in 
clouds when pressure is applied to their sides. A geaster, or earth- 
star, looks like a puffball arising from the center of a starrshaped 



Fig. 739. Cyathus striatus 

Above, various stages in develop- 
ment. Below, a group of mature 
fruit bodies; the basidiosix)res are 
within the ''eggs'* 


Fig. 740. Longitudinal section 
of unopened bird's-nest fungus, 
Crucibulum vulgare 

Note the dense outer region, 
which will form the nest, and the 
dens<» structures within, which 
will become the "eggs.” (After 
I)e Bary) 


cup (Figs. 736, 737). The star is formed by the splitting and 
spreading of the outer layer of the sterile covering of the fruit 
body. In the birds'-nest fungi (Figs. 739-741) each fertile chamber 
is surrounded by a dense region (Figs. 740, 741) ; when the entire 
fruit body opens up, the outer part becomes the nest while the 
fertile chambers with their hard coverings become the eggs. The 
stinkhorns are curiously formed and evil-smelling fungi (Figs. 
742, 743). In them the fertile tissue changes to a sticky ill-smelling 
slimy mass. This attracts flies which scatter the spores. 
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Heterobasidiomycetes 

The Heterobasidiomycetes include those forms in which the 
basidium is septate. There are two types of such basidia : one in 
which the septa are longitudinal so that, typically, the basidium is 
divided into four cells which are more or less parallel (Fig. 746), 
and another in which the septa are transverse so that the basidium 
is divided into a row of four cells (Fig. 746). 



Fic. 741. Crucibulum vulgare 

Highly magnified view of portion of a 
section such as is seen in Fig. 740. Note 
thehymeniuminsidethe ”cggs.’' (After Fic. 742. Ithyphallus, a stinkhorn 
De Bary) fungus. ( X i) 

Basidiomycetes with longitudinal septate basidia are included in 
one order, the Tremellales. Those with transverse septate basidia 
are divided into three orders: the Auriculariales, the Uredinales^ 
and the Ustilaginaks, 

Tremellales 

The best-known of the Tremellales are the trembling fungi of the genus 
Tremella (Fig. 747). These grow on decaying wood and form irregularly- 
shaped fruit bodies which, when moist, have a gelatinous consistency. 
They are variously colored and have a somewhat translucent appearance. 
In the Tremellales there is a series from very simple forms to those which, 
like Tremella^ have definite fruit bodies. The basidium is always longitudi- 
nally septate, and typically bears four spores (Fig. 748). 




Fic. 743. Dictyophal- 
lus, a stinkhorn fungus 

The rii)o spores occur 
in a sticky mass on the 
cap, which is above the 
veil. (X i) 



Fig. 744. Opening of the fruit body of Aru 
thurus brou'iiih one of the Gasteromycetes 




Fic. 746. Basidia of Tremella Oeft) 
and Auricularia (right) 

, Aft^r Brefeld from Tavel 


Fig. 74S. Clathrus cancellatus 
From a photograph by Lloyd 


Fig. 747. Tremella (left) of the order Tremellales, and Auricularia (right) of 
the order Auriculariales 



Fig. 748. Tremella mesenterica 

Portion of hymenium showing basidia with basidiospores and also production 
of conidia. (After Tulasne) 
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Auriculariales 

The best-known of the Auriculariales is Auricularia^ the ear fungus, 
which grows on decaying wood (Fig. 747). The fruit bodies have some- 
what the shape of an ear ; hence the name. They are very variable in 
size, dark browm in color, gelatinous when moist, and leathery when dry. 
The basidia are borne in a hymenium. They are transversely septate into 



Fic. 749. Puccinia graminis 

Left, section of a pycnium (x 600) ; right, development of spermatia. 

After Allen 


four cells, each of which, typically, gives rise to a filament terminating in 
a basidiosjx)re (Fig. 746). Auricularia is edible, and when cooked has a 
good flavor and consistency. It is much used and highly prized by the 
Chinese, and is often an important constituent of chop suey. In the 
AuricularicUes we again find a series of forms leading from very simple 
indefinite fructifications to the regular fruit bodies of Auricularia, In 
some of them there are clamp connections which indicate a relationship to 
the Evbasidiomycetea. 
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^ Uredinalvs (Rust Fungi) 

General characteristics. The rusts are important fungi because 
they cause a considerable number of vcr}^ serious plant diseases. 
They are parasitic on higher plants. One of the best-known of the 
rusts is Puccinia grarmniSy which does great damage to wheat. The 
rusts have a very complicated life history, and many, like Puccinia 
graminis, produce five kinds of reproductive cells. Some have a 

shorter life history. In 
graminis, as in 
many others, two hosts 
necessary for the 
completion of the life 
history. 

Spermatia. In the 
spring, basidiospores of 
Puccinia graminis ger- 
minate and infect the 
leaves of the barberry 
bush. A spore produces 

Fic. 750. Receptive hypliae of Puccinia hyphiv which enters 

, ,, . . , ,, . a leaf and gives rise to a 

Upper left, a hypha of ruccuna tnlicina in a 4 r 

stoma; upper ri^i;ht, a hypha of Puccinia mycelium. After a few 
coronata wliieh has j^roNMi out between epider- days the mycelium pro- 

mal cells and below the cuticle ; Mow, hypha ^ju^es flasklike struc- 
of Puccinia coronata m contact with spermatia. , , 

After Allen tures, known as pyema 

(Figs. 749, 751), which 
project from the upper surface of the leaf. Within the pycnia are 
a large number of hyphae which point toward the opening, and 
from the ends of which conidium-like bodies, called spermatia or 
pycnidiospores, are constricted off successively (Fig. 749). For a 
long time these were generally regarded as functionless, although 
some authorities believed that they were degenerate male cells. 
Recently it has been proved that in Puccinia graminis and some 
other rusts they do act as male cells. 

Aeciospores. In Puccinia graminis the primary hyphae, which 
produce spermatia, have uninucleate cells. A spermatium comes 
in contact with such a uninucleate cell and fuses with it, with the 



Fig. 751. Leaf infected with aeciospore stage of rust 
Above are two pycnia, and below an aecium. (X 165) 



Fig. 752. Cell fusions in a rust, Phragmidium speciosum 

A, ends of two hyphae with sterile cells at the tips and large fertile cells below ; 
Bf (\ fusion of fertile cells; Z), conjugate division of the two nuclei; Ef four 
nuclei formed as a result of conjugate division ; F, aeciospore mother cell cut 
oft ; Gf later stage showing row of aeciospores and intercalary cells. (After 

Christman) 
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result that there is produced a mycelium in which the cells are 
predominantly binucleate, although there is some irregularity and 



there may be more than two nuclei in a cell. 
In some species of rusts there are hyphae which 
grow to the surface of the leaf of the host and 
come in contact with the spermatia (Fig. 750). 

We have noted that in various groups of 
fungi there are heterothallic species. Puccinia 
graminis is heterothallic. The + and — strains 
cannot be distinguished except by the fact that 
a + spermatium will only fertilize a — myce- 
lium, while a — spermatium will fertilize a + 
mycelium. 

After the mycelium is fertilized by fusion 
with a spermatium, it produces aecia, which 


Fic.753. Aeciospore are cup-shapcd structures, in each of which 


chain of Puccinia 
graminis 

From top to bot- 
tom, the basal cell, 
three six)re mother 
cells, an intercalary 
cell, and an aecio- 
spore. Not all nuclei 
are shown. (From 
Allen) 


a very large number of aeciospores are devel- 
oped (Fig. 751). In some cases the binucleate 
condition has been said to be the result of the 
fusion of two cells at the base of the aecium 
(Fig. 752). It may be that in the same species 
cells may become binucleate by both of the 
methods described above. The nuclei in the 
binucleate or multinucleate cells at the base of 



Fig. 754. Stages of rusts 



Left, coffee infected with urediniospore stage of coffee rust (HemUeia vastairix) 
(X i) ; right, aeciospore stage of wheat rust {Puccinia graminis) on barberry 

letf (XI) 
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the aecium divide by conjugate division, and the basal cells of the 

aecium produce chains of cells, each cell of which is known as a 

spore mother cell (Figs. 752, 753). The 

nuclei of the spore mother cell divide J1 

by conjugate division, and the cell di- j[| 

vides to form a large spore cell and a tp 

small intercalary cell (Figs. 752, 753). /•/,/ 

The inU'rcalary cells disintegrate and 
disappear and thus separate the aecio- jfv 

spores from each other. When seen k ;• 

with the unaided eye, the aecia of Puc- y! 

cinia graminis appear as small raised ’’ ; 

orange-colored patches on the surface ; - 

of the barberry leaf (Fig. 754). 1';. 

Urediniospores. The aeciospores are 
capable of germinating at once and pro- >; 

ducing a mycelium that can infect a ‘y K. 

susceptible host. The aeciospores of V'A 

Puccinia grarnmis cannot infect the 
barberry bush, but can infect a wheat vT'/ 

plant, in which they produce a myce- \g|L/ 

lium. This mycelium produce.s spores ^ . 

which arc known as urediniospores. of wheat rust (Pucewiagromi- 
In Puccinia graminis these occur in nis). (xi) 


642 


The Plant Kingdom 



Fig, 757. Section through small group 
of urediniospores of Cronartium ribicola 

Note that the spores, stalk cells, and 
basal cells are all himicleate. (x 250). 
After Crollev 


grayish-brown or rust-colored 
patches on the stems and 
leaves of the wheat plant 
(Fig. 755). Urediniospores of 
PiM'cinia grarninis and other 
species (Figs. 756, 757) are 
formed singly on fairly long 
stalks. The urediniospores of 
Fuccinia grarninis are capa- 
ble of germinating on wheat 
plants; so during the grow- 
ing season they may cause a 
widespread infection. 

Teliospores. Later in the season, after the wheat plant ma- 
tures, the same mycelium which produced urediniospores produces 
another type of spore known as a teliospore. The teliospore of 
Fuccinia grarninis and various other species 
of rusts (Figs, 758, 759), is a two-celled 
spore with thick walls. In Fuccinia grarninis 
it is a winter spore : it persists throughout the 
winter and germinates the following spring. 

Basidiospores. In the spring, when mois- 
ture and temperature conditions are favor- 
able, each cell of the teliospore germinates by 
sending out a hypha which becomes a basid- 
ium that is typically divided into four cells 
by transverse septa (Fig. 760). b]ach of these 
cells gives rise to a basidiospore. In Fucj:inia 
grarninis these cannot infect the wheat plant 
but are capable of producing a mycelium in 
the leaves of the barberry. 

Nuclear history. In the rusts two nuclei 
become associated as a dicaryon in the myce- 
lium which gives rise to the aecia. This condi- 
tion persists in the aeciospores and throughout 
the mycelia which produce urediniospores and 
teliospores. Each of the cells of the telio- 



Fic. 758. Teliospore 
stages of rusts 


spores of Fuccinia grammzs ^ontains a di- 


Left, wheat rust (Pmc- 
cinia graminis) (X 4) J 
on the right, Fuccinia 
thwaitesii on a dicoty- 
ledon (X f) 
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caryon. In each of these cells 
the nuclei fuse. Reduction in 
the number of chromosomes 
occurs when this fusion nu- 
cleus divides to j^ive rise to 
the nuclei of the basidiospores. 
In the rusts there is, then, as 
in the II ymenomyceteSy a short 
period in which the cells are 
uninucleate, followed by a 
dicaryon condition which per- 
sists throughout the greater 
part of the life cycle. 

As the complete life history 
of Puccini a graminis requires 
two hosts, the wheat plant 
and the barberry bush, the 
wheat rust can be controlled 
to a considerable extent by 
eradicating barberry bushes. 
In some cases this method has 
been highly kiccessful. But 
it is not always possible to 
eradicate wheat rust in this 
way, as when conditions are 
not too severe some uredinio- 
spores may survive the win- 
ter and cause infections in 
wheat plants the next spring. 

The white pine blister rust 
is another example of a serious 
plant disease with two hosts. 
In the case of this fungus 
the spermatia and aecia are 
formed on some of the white 
pines and the urediniospores 



Fig. 759. Leaf infected with teliospore 
stage of a rust. ( X 140) 



Fig. 760. Teliospore (left) and germi- 
nation of teliospore (right) with pro- 
duction of basidiospores (somewhat 
diagrammatic). ( X 445) 


and teliospores on currants or gooseberries. This disease is very 
destructive to susceptible pines an(| particularly to young plants. 
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Where the whole life of the rust is spent on one host, it may be 
exceedingly difficult to eradicate it. The coffee rust has destroyed 
the coffee industry in many parts of the Far East, as the rust grows 
on the coffee throughout the year and the best coffee is very sus- 
ceptible to it. 



Fic. 761. The U$tUaginales, or smuts 

Left, tip of sugar-dine plant infected by smut {Uslilago sacehari) (X A); the 
black whiplike tip is little mure than a mass of spores. Right, ear of com show- 
ing swellings produced by smut {Uslilago uae) (x /gr) 

Ustilaginales 

General characteristics. The Ustilaginales, or smuts, like the 
Uredinales, are very important on account of the fact that a con- 
siderable number of them give rise to plant diseases of serious 
economic importance. They are characterized by producing a 
great mass of black spores which give the infected part a burned or 
duurred appearance (Fig. 761). When the infected material is 
shaken, the spores often scatter as great clouds of dust. 

The structure and life histjory is comparatively simple. The 
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hyphae produce an abundant mycelium in the host. In the ma- 
jority of cases the cells of this mycelium become divided up into 
cells which are transformed into spores (Fig. 762). In no case 



Note clamp connections. 
(After Seyfert) 


Fig. 763. Spores of a smut {Tuburcinia) 
in tissue of onion leaf 



Fic. 764. Promyceliuin apd sprout cells of Ustilago xeoe. ( X 830) 
After Hanna 


is there a definite fruit body (Fig. 763). Clamp connections are 
known in the smuts (Fig. 762) and emphasize their relationship to 
other Baaidiomycelea. 
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Com smut. The corn smut, Ustilago zeae, is common and well- 
known and will serve as an example of smuts. The spore germinates 
in a way which is rather similar to the germination of the telio- 
spores of rusts (Fig. 764). In germinating it sends out a small 
hypha which is often called a promycelium. This, typically, 



Fig. 765. Promyceliam and 
sprout cells of Ustilago 

Above and lower left, Ustilago 
receptaculomm ; lower center 
and rij?ht, Ustilago marginalis. 
(After Tulasne and Brefeldj 



Fic. 766. Promycelium of 
Ustilago zeae with many 
sprout cells 

After Brcfeld 



Fig. 767. Fusion of sprout 
cells of Ustilago receptacw 
lorum 

After Brefeld 


divides into four cells. These four cells correspond to the four cells 
of the rust basidium. In smuts each of these cells may give rise to a 
single sporelike cell corresponding to a basidiospore and variously 
called a sporidium or sprout cell (Fig. 765), but there is great 
irregularity, and often many sprout cells are budded off from the 
mycelium (Fig. 766). In corn smut the sprout cells may infect any 
part of the com plant and produce a mycelium. Cells of this my- 
celium conjugate within the host, the nuclei of the fusing cells 
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forming a dicaryon. The result is a binucleate mycelium in which 
the nuclei divide by conjugate division. It is this mycelium that 

divides up to form the spores. 
During the development of the 
spores the two nuclei of the dica- 
ryon fuse. Reduction in the num- 
ber of chromosomes takes place 
during the first divisions of the 
fusion nucleus. 

In most of the smuts closely related 
to Uslilago zeae, two sprout cells unite 
outside the host either directly or 
through a conjugating tube to form 
a binucleate cell (Fig. 767). Sometimes 
two cells of the promycelium fuse to 
form a binucleate cell (Fig. 768). The 
binucleate cells give rise to cells capa- 
ble of infecting a host. In some rusts, 
often called stinking rusts (of which the wheat rust, Tillelia trUici^ is an 
exami)le), the spores germinate in a different way from those of the corn 



Left, fusion of cells in same r)ro- 
myceliiim; right, fusion of cells 
in same promycelium, also fusion 
of cells of different promycelia. 

(X H35). After lliiwitvscher 



Fic. 769. The germination of spore of Tilletia caries to form basidiospores 

The last figure shows fusion of basidiospores in pairs while still attached, 
(x 300). After Tulasne 

smut. They send out a short tube at the end of which a number of basidio- 
spores, often four or eight, are formed. These unite in pairs either while 
they are attached (Fig. 769) or after they have fallen away. The fusion 
cell gives rise to a mycelium which forms conidi^that infect the host. 
The nuclear history in such cases is much like that of the other type of 
smuts. . . 
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In most of the worst smuts the spores adhere to the seed of the host and 
infect the young seedlings. Such smuts can be controlled by treating the 
seeds with suitable poisons. Other smuts may infect plants later in life. 



Fic. 770. Three forms of lichens 


Above, Usnea haihaia^ a branched epiphytic form ; the circular discs are the 
fruit bodies. Lower left, Haematomma puniceunif a crustaceous form ; the dark 
cup-shaped structures are the fruit bodies. Lower right, CUulonia furcata, an 
erect terrestrial form ; the hymenium covers the rounded knobs 


Some infect flowers, and through these the stems and plants which de- 
velop from them. Tl|e com smut can infect any part of the com plant. 
In this case the best method of control is the removal and burning of in- 
fected parts before spores are formed, or a rotation of crops. 


Fungi {Phycophytd) 
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Lichens (Figs. 770, 771, 
772) are especially interest- 
ing plants because in every 
case a lichen is composed of 
two very different kinds of 
plants, an alga and a fungus. 
The fungus and alga are so 
thoroughly suited for growth 
together that different com- 
binations form definite and 
distinct species. The alga 
may belong to either the 
Chlorophyta or the Cyano- 
phycede. The fungus com- 
poses the larger part of the 
lichen, while the algae are 
enclosed between fungus hy- 
phae; usually they form a 
layer near the upper surface 
of the lichen (Fig. 773). 
Most lichens are greenish- 
gray, the color being the re- 
sult of a combination of the 
colors of the two components. 
The fungus lives parasitically 
on the alga, from which it 
absorbs food, the alga man- 
ufacturing food for itself and 
for the fungus component of 
the lichen ; the fungus in tiu*n 
protects the alga from drying 
out in very dry situations. 
The fungus hyphae which 
absorb food from the algae 
are in very intimate contact 
with them (Fig, 774). 



Fic. 771. Cladonia verticillata. ( X i) 



Fig. 772. LohaHa pulmonaria^ a lichen 
with a thallus form and cap-shaped fruit 
bodies. ( X 1) 



Fig. 773. Cross section of a lichen thallus 
The dark oval bodies near the upper portion of the thallus are algal cells 



Fic. 774. Relation of fungi to algae in lichens 

Left, Cladonia fureaUi^ in which the lichen is a green alga belonging to the 
ChlaroeoccaleB (X 475). Right, Stereocaulon ramvimum^ in which the alga is a 
ScyUmma^ one of the Cyanophyceae (x 325). After Hornet 




Fic. 77S. Cross section through a whole lichen fmh body and portion of 
adjoining thallus 

Note the algal cells showing as dark sixjts in the upper part of the thallus ; note 
also the hymenium lining the cup. (X 40) 
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Lichens live in a great variety of habitats, as on exposed rocks, 
on the bark of trees, or on the ground. Some hang from the smaller 
branches of trees ( Usnea, Fig. 770). The so-called reindeer moss is 
not a moss but a lichen (Cladortia rangiferina). The combination 
of fungus and alga is able to live in exposed places, for instance on 
bare rocks or exposed limbs of trees, where 
neither of the constituents could survive 
alone. Lichens can withstand long periods 
of drying. The upper and lower layers of 
lichens are usually dense and composed of 
thick-walled hyphae, w^hile the interior has a 
looser and more spongy structure (Fig. 773). 

Lichens are often reproduced by the for- 
mation of special reproductive structures 
knowm as soredia. These are small balls 
which are formed on the surface of the 
lichens; each consists of fungus hyphae 
enclosing a few algal cells. In one genus of 
lichens the fungus component is a basidiomy- 
cete, which reproduces by basidiospores. In 
most cases the fungus is an ascomycete and 
produces ascocarps in w^hich are numerous 
and trichog^e*^^*™ containing ascospores (Figs. 775, 776). 

chen, Collema crispum 

. In some of the ascomycetous Uchen.s there are 

a^gonium which have been interpreted as as- 

with long tncoogyne , , i • i i j 

(X 270) ; right, end of a ^^d also spermatia which are pn)duced 

trichogyne with spenna- hi much the same way as the spermatia of rusts, 
tium attached (x 750). The ascogonia are multicellular and coiled, and 
After Baur terminate in long multicellular trichogynes which 

reach to the surface of the thallus. In one case 
the spermatium has been described as fusing with the trichogyne and its 
nucleus as passing into the trichogyne (Fig. 777). The middle cells of the 
ascogonium grow out to form asci. Migration of the male nucleus to 
the ascogonium has been surmised but not demonstrated. Some see in this 
type of fertilization a suggestion of descent from red algae. Those who 
regard the Zygomycetes as ancestors of the fungi take the view that the 
spermatia are to be regarded as conidia which have taken the place of 
antheridia. This question has been discussed in connection with the origin 
of the Ascemycetes. 
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DIVISION BRYOPHYTA 

General characteristics. The bryophytes are small plants. The 
division is composed of two classes, the Hepaticae (liverworts) and 
the Musci (true mosses). Whereas the algae are predominantly 
water plants and only a few simple ones have become secondarily 
adapted to aerial conditions, the Bryophyta are predominantly land 
plants with only a few that grow in water. They are the simplest 
types of green plants which are true land plants. 

The conspicuous plants of the Bryophyta are gametophytes, 
which produce eggs and spermatozoids. In mosses the gameto- 
phyte is differentiated into a central axis or stem with small spirally 
arranged leaves (Figs. 806, 817). In some of the liverworts the 
gametophytes are thallus plants (Figs. 791, 798) ; in others they 
have stems and delicate leaves (Fig. 800). In those with stems and 
leaves there are two dorsal rows of leaves arranged along the sides 
of the stem, and usually a small third row on the ventral surface. 
The leaves of most mosses have a midrib, but such a structure is not 
found in any of the liverworts. 

Brj'ophytes do not have roots, but are anchored to the sub- 
stratum by hairlike rhizoids (Figs. 806, 817). The female repro- 
ductive organ of the bryophytes is an archegonium (Fig. 780). 
This is a flask-shaped structure which, when mature, contains a 
single egg. Spermatozoids are borne in large numbers in antheridia 
(Fig. 781). The development of the fertilized egg results in the 
production of a sporophyte, which in most cases consists of a 
sporangium, or capsule, a stalk, and an absorbing organ, or foot, 
which absorbs material from the parent plant (Fig. 795). In a few 
species of simple liverworts the sporophyte is a sporangium with- 
out stalk or foot (Figs. 782, 783). In all cases the gametophytes 
and sporophytes are entirely different in both appearance and 
structure. 
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CLASS HEPATICAE 

Gametophyte. Most of the Hepaticae live on the land in moist 
places, while a few may grow in water. Some of them are found on 
the ground and others on the trunks, branches, or leaves of other 
plants. The gametophytes of the liverVvorts are always small or 
relatively small plants, but are always large enough to be readily 
visible. Although the thallus forms (Fig. 778), when examined 
closely, are very unlike mosses, all liverworts would probably be 
r^arded as mosses by people not familiar with botany. 



Fig. 778. Thallus of Riccia 

The dark rounded bodies are mat tire sjioroiihytes which are embeddeii in the 
thallus, while the lighter bodies are immature sporophytes. (x 2) 

Sexual reproduction. The eggs are borne singly in oogonia, 
called archegonia (Figs. 779, 780). An archegonium of a liver- 
wort is a dask-shaped structure, the wall of which is composed of 
a single layer of cells. The lower part of the archegoniupi is 
enlarged and contains a single large cell. This, shortly before 
the archegonium matures, divides into two cells, the lower of 
which is a large egg, while the upper is smaller and is known 
as the ventral canal cell (Fig. 779). The upper portion of the 
archegonium is elongated into a narrow structure called the neck, 
within which is a row of cells, the neck canal cells. When the 
arch^onium matures, the ventral canal cell and neck canal cells 
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become disorganized and the top of the neck opens to discharge 
the remains of the canal cells (Fig. 780), after which the sper- 
matozoids can swim through the neck to the egg cell. 



Fic. 779, Section of a portion of the thallus of Riccia 

In the center is an immature archegonium ; the enlargeil venter contains a large 
egg and above this a ventral canal cell ; in the neck there are four neck canal 
cells. Most of the cells of the thallus show chh»roplasts. Note the vertical rows 
of cells which project up)ward from the upper surface of the thallus. The 
terminal cell of each n)W is enlarged and lacks chloroplasts. These terminal 
cells are close enough together to form a layer which serves as an epidermis. 

(X 190) ‘ 


The antheridium of a liverwort is usually somewhat oval (Fig. 
781), and consists of an inner portion, composed of numerous fertile 
cells, surrounded by a single layer of sterile cells. The fertile cells 
give rise to biflagellate spermatozoids (Fig. 781). 
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Fertilization takes place by the swimming of a spermatozoid to 
the egg in the archegonium, and the fusion of the spermatozoid 
with the egg. ^wing to the fact that the spermatozoids have no 
other means of reaching the archegonia than by swimming through 
water, it is evident that water is necessary for the accomplishment 




Fic. 781. Antheridiuni ( X 160) and a 
single spermatozoid of Riccia 

The antheridiiim consists of a stalk, 
a covering of sterile c<*lls, and many 
sperm cells 

of fertilization. This indicates 
that the //c/;a/?rae arc descended 
from an algal ancestor which lived 
in water, and in which fertiliza- 
tion was also accomplished by 
means of motile spermatozoids.'^ 
Sporophyte. The fertilized 
egg of the HepaXicae germinates 
immediately within the archegonium ; but instead of giving rise to 
a thallus it produces a structure in which spores are formed (Figs. 
782, 783). This structure is therefore a sporophyte. The spores, 
on germination, produce a gametophyte. The sporophyte in its 
simplest form consists of a single sporangium (Figs. 782, 783), but 
in most of the Hepaiicae it is a sporangium with a stalk and i^n 
absorbing organ, the foot, which attaches the sporophyte to the 
gametophyte (Fig. 795). In all cases a nearly mature sporangium 
contains a considerable number of rounded cells which are known 


Fic. 780. Mature archegonium of 
Riccia 

The neck canal cells and ventral canal 
cell have become disorganized, (x 240) 
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as spore mother cells. Each of these divides to form four spores. 
At least in their early stages, the four spores derived from a mother 
cell hold together in a group and are flattened on the sides where 
they come in contact. A 
group of four spores derived 
from a spore mother cell is 
known as a tetrad. 

Alternation of genera- 
tions. The garnetophyte 
that produces eggs and 
spennatozoids is followed 
by a sporophyte that pro- 
duces spores, and this in 
turn by a garnetophyte. 

There is therefore an alter- 
nation between a gaineto- 
phyte, which produces eggs 
and spennatozoids, and a 
sporoph 3 de, which gives 
rise to spores. This alter- 
nation of garnet ophytes 
and sporoph^^tes is an alter- 
nation of generations, or an 
alternation of a ganieto- 
phytic and a sporophytic 
generation (Fig. 784). 

Some of the green algae 
show an alternation of gen- 
erations; so do most of 
the brown and of the red 
algae. This alternation of 

generations is found not only in all the Bryophyta but in all higher 
plants. It is generally believed that the green land plants are 
descended from the green algae, and it may be that the alternation 
of generations which is so universal in the higher plants originated 
in some algal ancestor. In the development in the plant kingdom, 
however, it appears that an alternation of generations has origi- 
nated independently in various lines. It is doubtful if any alter- 



Fic. 782. Immature sporophyte of Riccia 
within the archegonium 

The cells of the basal portion, or venter, of 
the archegonium have divided, so that this 
part of the archegonium consists of two 
layers of cells. At this stage the sporophyte 
consists of a considerable number of spore 
mother cells surrounded by a single layer 
of sterile cells. The nuclei and protoplasm 
are shown in the sporophyte and not in the 
tissue of the garnetophyte. (x 140) 
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nation of generations which we know in any of the algae has any 
relationship to that of the Bryophyta and other land plants. 

Chromosomes and alternation of generations. As a result of the 
fusion of the nuclei of the egg and the spermatozoid, the fertilized 
egg has twice as many chromosomes as either the egg or the sper- 
matozoid. In other words, the egg or the spermatozoid is haploid, 
while the fertilized egg is diploid. The diploid, or double, number of 
chromosomes persists in the sporophyte until spore mother cells are 



Fig. 783. Section of thallaa of Riccia, showing mature sporophyte 

The sporophyte, or sporangium, at this stage consists of a mass of spores, the 
sterile covering having disappeared. The s|K>rcB lie free in the venter of the 
archegonium, the inner layer of cells of which has [tractically <li8appcarcd. (X80) 


formed. Each spore mother cell, by two successive divisions, gives 
rise to four spores, and in these two divisions the number of chromo- 
somes is reduced. Thus each spore has a single number of chro- 
mosomes ; that is, it is haploid. These give rise to gametophytes 
which are haploid, and the double number is again restored when 
the egg is fertilized by a spermatozoid. The gametophyte is thus 
characterized by a haploid number of chromosomes and the sporo- 
phyte by a diploid number. The alternation of generations is 
therefore not only an alternation of a gametophytic and a sporo- 
phytic generation, but also an alternation of a haploid and a diploid 
generation. As the spore mother cell is diploid and the spores hap- 
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loid, the sporophytic generation ends with the spore mother cell ; 
the spore is the beginning of the gametophyte. This alternation of 
a haploid gametophyte and a diploid sporophyte is characteristic 


1 



Fig. 784. Diagram of life cycle in Riccia 

At sporangium with sjwre mother cells; this ij^the complete sporophyte. B, 
sporangium with tetrads of spores ; the line separating the sporophj^te and the 
gametophyte is drawn 1 hrough the sporangium because the si^orangium belongs 
to the 8pon)phyte while the gametophyte begins with the si)ore. T, a single 
spore. D, spore germinating. prothallus formed from siwre ; a si)ermatozoid 
is represented as leaving an antheridium and entering an archegonium. F, an 
egg, with egg and si)crmatozoid nuclei in contact ; the sporophyte begins with 
the fertilized egg. (7, the two nuclei have fused to form the primary nucleus of 
the sjwrophyte. //, this primary nucleus has divided 

of the bryophytes, pteridophytes (ferns and their allies), and 
spermatophytes (seed plants). 

Orders of the Hepaticae. The Hepaticae, or liverworts, contain 
four orders : the RiccicUes, the MarchantiedeSf the JungennannialeSf 
and the Anthocerotales, 
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Gametoph 3 rte of Riccia. The genus Riccia may be taken as an 
example of the Ricciales, The gametophyte is a dichotomously 
branching thallus (Fig. 778). The term "dichotomous branch- 
ing '' denotes a system of branching in which the main axis forks 
repeatedly into two equally developed parts. 

The gametophyte of Riccia 
grows in length by means of 
an apical cell. The thallus 
has very numerous rhizoids. 
These act like root hairs and 
serve both to attach the 


Fic. 785. Development of archegonia 
of Riccia natans 

Note that a single cell projects from 
the surface; that the first divisions 
of this cell are longitudinal and sepa- 
rate a central cell from surrounding 
cells which will form the wall of the 
archegonium; later, a cross <li vision 
cuts off a cell which by dividing will 
form the sterile covering cells at the 
top of the archegonium. The center 
cell diviiles transversely to form the 
egg, ventral canal cell, and neck canal 
cells. (After I^wis) 

thallus to the substratum and for the absorption of water and 
minerals. From the upper surface of the main body of the thallus 
there project upwards vertical rows of cells which arc separated 
from each other by fairly wide spaces (Fig. 779). The upper cell 
of each row is larger than the cells below it. These upper cells fit 
tt^ether to form a sort of epidermis. 

Antheridia and archegonia. The archegonia (Figs. 779, 780, 
785) and the antheridia (Fig. 786) are borne singly in a groove 
which extends longitudinally through the center of the upper part 
of the thallus (Fig. 786). In Riccia both antheridia and archegonia 
are found on the same plant, so that Riccia is a monoecious type. 



Fig. 786. Stages in development 
of antheridium of Riccia natans 


After Ijcwis 






Fig. 787. Portion of a thallus of Marchantia bearing two gemma caps within 
which are many gemmae 

The lines dividing the thallus into polygonal areas mark the boundaries of air 
chambers, while the black dots represent the stomalike openings into the 

chambers. (X 6) 



Fig. 788. Section of u portion of a thallus of 
Marchantia 

Below, colorless t issue ; above, air chambers 
with phototosynthet ic ceils. Note the stoma- 
like opening into the central chamber and 
the large cells which form the side walls of 
the chambers, (x 200) 


Fic. 789, Gemma of Mar^ 
chantia after the rupture of 
the stalk cell. (X 150) 

Note the stalk cell below, 
and on either side the 
notches where growth will 
begin 
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The antheridia and the archegonia are formed near the tip ; the 
youngest of them are found nearest the tip, and the older ones 
progressively farther from the tip. 

Sporophjrte. The fertilized egg develops 
inside of the archegonium. It gives rise to 
a single rounded sporangium without a 
stalk (Fig. 782). This sporangium consists 
of an outer layer of sterile cells and numer- 
ous cells which produce spores (Fig. 782). 

The sporangium wall is an evanescent struc- 
ture which almost entirely disappears before the 
spores are mature. As a sporangium grows, the 
base of the archegonium enlarges and comes to 
be composed of two layers of cells (Fig. 782). 
The inner of these layers, like the wall of the 
s|X)rangium, disintegrates (Fig. 783). After the 
disintegration of the sporangium wall the mature 
spores lie free in the cavity of the eidarged arche- 
goniuin, and are surrounded by the outer layer 
of cells of the archegonium wall (Fig. 783). The 
mature sjwrangium is therefore nothing more 
than a mass of spores. 

The sporophyte of Riccia lacks chloro- 
phyll and is entirely dependent on the ga- 
metophyte for nourishment. .The sporo- 
phyte of the Ricciales is the simplest one 
found in the brj^ophytes. When a spore 
germinates, it produces a thallus bearing 
archegonia and antheridia (Fig. 784). 

Order Marchantiales 



Fic. 790. Archegonium 

o{ Marchaniia. ( X 175) Marchantia. The Marchantiales repre- 
sent a higher development of the Ricciales. 
Marchantia is one of the most highly developed of the Marchan- 
tiales. It appears to be quite different from Riccia^ therefore, but 
there is such a complete series of forms leading from the typical 
Ricciales to Marchantia that some botanists prefer to include the 
Ricciales in the Marchantiales. Marchantia is dioecious, as the 
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antheridia and archegonia are borne on separate plants on special 
upright umbrellalike branches. 

The main part of the gametophyte is a flat dichotomously 
branched thallus (Figs. 787, 791), in which respect it resembles 
Riccia. It grows in length by an apical cell. 

From the lower surface there arise numerous rhizoids which 
serve as anchoring and absorbing organs. The thallus is several 



Fig. 791, Marchantia 

Left, female plant with specialized branches which bear archegonia on their un- 
der surfaces; right, male plant with specialized branches which bear antheridia 
sunken in the upper surface, (x IJ) 


cells in thickness. The upper portion is divided into polygonal air 
chambers, each of which has a central chimneylike opening (Fig. 
788). Within each chamber is a loose arrangement of assimilative 
cells with chloroplasts. The outlines of the chambers are plainly 
visible from the exterior and give the thallus a very characteristic 
appearance (Fig. 787). 

Gemmae. The gametophyte of Marchantia has a very special- 
ized method of asexual reproduction. This is by means of gemmae 
which are produced within cuplike structures called gemma cups 
(Fig. 787). A gemma originates as a unicellular outgrowth from 
the base of the cup. The upper portion of the gemma becomes en- 
larged and lens-shaped with a notch at either side (Fig. 789). After 
the gemmae are detached and scattered, they germinate if suitable 
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Fig. 792. An archegonial branch of 
Marchantia 


A, portion of a lengthwise section of a 
young archegonial branch (semi-diagram- 
matic), showing a row of archegonia hang- 
ing down from the lower surface, the 
youngest being nearest the stalk: air 
chambers are present on the upper sur- 
face ; f, one of the finger-like lobes back of 
the section, the diamond-shaped areas 
indicating air chambers. B, a young 
sporophyte within the parent archego- 
nium : the region which is to become the 
spore case is indicated by the cross lines, 
and the small foot is attached to the 
base of the archegonium ; e, a special en- 
velope developed around the archegonia of 
Marchantia 


conditions are present. A 
growing point is located in 
each notch, and so growth 
from a gemma starts in two 
opposite directions. 

Archegonia and anther- 
idia. The archegonia (Fig. 
790) are found on the lower 
surfaces of special branches 
which grow on female plants 
(Figs. 791, 792), while the 
antheridia (Fig. 793) arc 
sunk in the upper part of 
somewhat similar branches 
on male plants (Fig. 791). 
The antheridia and arche- 
gonia are very similar to 
those of the Ricciales, The 
umbrella shape of the repro- 
ductive branches is due to 
the repeated forking of the 
apical cells. This results in 
the radial arrangement of the 
umbrellalike top, and in the 
arrangement in rows of both 
archegonia and antheridia. 
The stalk of an archegonial 
branch when ready for fer- 
tilization is very short, and 
so (Fig. 797) spermatozoids 
swimming in water on the 
surface of the vegetative por- 
tion of the thallus can reach 
the archegonia. After the 
eggs are fertilized, the stalk 
elongates and carries the 
developing sporophytes up 
into the air (Fig. 791). 
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The fertilized egg germinates within the archegonium and de- 
velops into a sporophyte (Fig. 794). This is more complicated than 
that of Riccia in that it consists of three parts : a rounded sporan- 
gium, an elongated stalk, and an absorbing structure, the foot. 



Fig. 795. Sporophyte of Marchantia before elongation of the stalk 

Below is the large sporangium; above this is the stalk, and above the stalk 
the foot embedded in the archegonium. The upper limit of the foot is shown 
as a dark line. Note {wrtions of claters among the six)rcs. (x 86) 


which is imbedded in the tissue of the umbrcllalike top of the arche- 
gonial branch (Fig. 795). The sporophyte of Marchantia, like that of 
Riccia, is without chlorophyll and is entirely dependent on the ga- 
metophyte for nourishment. This is absorbed through the foot. As 
the sporoph 3 rte develops, the archegonium enlarges and remains 
as a cover around it. This covering is known as the calyptra. As 
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Fig. 796. Vertical branch of fe- 
male thallus of Marchantia with 
many sporophytes. (X2J) 


the sporangium is maturing, the stalk elongates rapidly and shoves 
the sporangium through the calyptra. This elongation of the stalk 
carries the sporangia downward so that they are freely exposed to 

the wind (Fig. 796). The spores are 
thus in a favorable position for dis- 
semination by wind when the sporan- 
gial wall ruptures. The sporophyte 
of Marchantia is more complicated 
than that of Riccia not only in that 
it has a foot and a stalk in addition 
to a sporangium, but also because 
some of the cells in the sporangium 
remain sterile and form elaters^ 
These are greatly elongated cells with 
spiral thickenings (Fig. 797). They 
are hygroscopic and bend and twist 
with changes in humidity, and in this 
way assist in scattering the spores. 
The complicated mechanism for the dissemination of the spores 
of Marchantia is in marked contrast to the lack of any special 
method in Riccia. In t he 
latter the spores are set 

free only after the disin- 
* • 

tcKration of the thallus. 

In Marchantia the ehin- 
gation of the stalk of the 
archegonial branch car- 
ries the sporangium up 
into the air, while the 
elongation of the stalk 
of the sporophyte places 
it in a freely exposed po- 
sition ; elaters then take 
part in the scattering of 
the spores. 

A spore of Marchantia germinates directly and forms a gameto- 
phytic thallus which, as we saw, bears archegonia and antheridia. 



Fig. 797. Conocephalus conicus, one of the 
Manhantiales closely related to Marchantia 

Ay two sTHTinatozoids; B, an elater; C, see- 
tion of air cavity. (A, B, after Uolleter) 
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Relationship. The Marckantiales seem to be clearly derived 
from some such plants as the Ricciales and to represent a line of 
evolution in which the ganietophytes have developed into com- 
plicated and interesting structures. As far as is known, the 
M archart tiales have never given rise to anything higher than 
themselves. 

Order Junget manniales 

Some of the members of this order have a simple thallus (Fig. 
798), but in most cases the thallus is differentiated into stems and 
leaves (Fig. 800). The stems do not show a differentiation of 
tissues and have no specialized conducting cells. A leaf consists 
of a single layer of cells without a midrib. The archegonia and the 
antheridia are similar to those of the two previous orders. The 
fertilized eggs develop into a sporophyte (Fig. 801) similar to that 
of the M archantiales in that it consists of a sporangium, a foot, and 
a stalk. 

The sporophyte of the Jungermanniales is more complex than 
that of the Ricciales, but the simplest thalli found among the 
Hepaticae occurs in some of the thallus memlx^rs of this order. 


Order Anthocerotales 

Anthoceros. The gametophyte of the A nthorerolnles is a simple 
thallus, but the sporophyte is more complicated than that of any 
other order. Anihoceros (Fig. 802) may be taken as an example. 
In this genus the sporophyte (Fig. 803) consists of a basal absorb- 
ing organ, the foot, and a terminal club-shaped sj>orangium. Near 
the base there is a meristematic region, the activity of which causes 
the sporangium to increase in length. The outer part of the spo- 
rangium consists of sterile cells, and in the center there is a column 
of sterile cells, the columella. The spores are formed between these 
two sterile regions. As the spores in the tip of the sporangium 
reach maturity the upper part of the sporangium splits and the 
spores are liberated (Fig. 802). As more spores mature the spo- 
rangium continues to split. In this way the sporangium is con- 
tinually liberating spores, while new spores are being produced as 
the result of the activity of the basal meristem. 




Fic; 800. Leafy liverworts 

In the drawing? at the left each leiif con- 
sists of a lar{i;c and a small lol>e ; on the 
left side there is a sporophyt^ which has 
elongated out of the i>erianth and has 
opened ; above this sporophyte is another 
which is still enclosed within the perianth 
(X 4). In the drawing at the right, each 
leaf consists of a large and a small lobe 
(X 1) 


Fig. 801. Longitudinal section 
through sporophyte of PtUidium^ 
one of the Jungermanniales 

The sporophyte consists of a spo- 
rangium, stalk, and foot. 20) 
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While the thalli of the Anthocerotales are simple, the sporophytes 
are the most advanced found in the Hepaticae. They resemble the 
sporophytes of the Muscij and also those of the Pteiidophyta and 
Spermatophyta, in having stomata and assimilating tissue with 
chlorophyll. Owing to the presence of chlorophyll the sporophyte 
is only partially dependent on the gametophyte. If the foot of the 
sporophyte of Anthoceros were developed into a root, the sporo- 
phyte would be an independent 
plant. 

Relationship of Hepaticae. Most 
botanists have long believed that 
the liverworts represent an early 
stage in the development of land 
plants and that they gave rise to 
the ferns, lycopods, and all higher 
plants. The gametophyte of a liver- 
wort, according to this theory, is 
hardly more than an algal thallus 
which has left the water and come 
to live on the land. In support, of 
this view it may be pointed out 
that the gametophyte has a very 
simple structure without a vascular 
system or roots and, in what are 
regarded as the more primitive 
typcsy not differentiated into stems 
and leaves. Also, many forms can 
live only in very damp places, and all have swimming spermato- 
zoids, which necessitate the presence of actual water for the proc- 
ess of fertilization. The sporophyte of the Hepaticae is regarded 
as essentially a new structure, characteristic of land plants, and 
it is the development of the sporophyte that has led to the evolu- 
tion of the higher plants. According to this theory the liverworts 
developed from a simpler form than any known at present. This 
form must have combined a sporophyte at least as simple as that 
of Riccia with a gametophyte which was no more complicated 
than that of the simplest of the thallus Jungermanniales, From 
such a simple ancestral form we can think of development as 



Fig. 802. Thallus of Anthoceros 
with six young unopened sporo- 
phytes and two long sporophytes 
which have split and show the 
columellae in the center. ( X IJ) 




Fig. 803. Anthoceros 

At section through sporangium and surrounding portion of thalhis (X 31). 
The lower part of the sporophyte is a foot, above this is a meristematic region, 
and still higher up are progressively older stages in the formation of spores. 
Note the sterile columella in the center and the sterile tissue surrounding the 
spore-bearing portion. In the drawing the sporogenous tissue is darker than 
the sterile tissue. B, cross section of sporangium showing columella in the 
center surrounded by sporogenous region. C, D, B, show successive stages in 
spore formation as seen in longitudinal section (x 106) 
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having taken place in three directions. The first line leads through 
the RiccicUes to the Marchantiales and culminates in such compli- 
cated forms as Marchantia, The second line proceeds from the 
simple thallus Jwigermanniales to the more complicated types of 
the leafy Jungermanniales. In the third line \vc see the develop- 
ment from the simpler Anthocerotaks to Anthoceros. 



Fig. 804. A group of antheridia of 
Anthoceros 

Each antheridium consists of a stalk, 
a covering of sterile cells, and many 
sperm cells, (x 215) 



Fig. 805. Longitudinal scctionof young 
embryo of Anthoceros pearsoni 

The cells with nuclei will give rise to 
spore-producing tissue. (After Camp- 
Mi) 


Many features found in the liverworts indicate an ancestry 
among the green algae. These include the same type of pigmenta- 
tion as in the green algae ; the storage of food in the form of starch ; 
and biflagellate spermatozoids. 


CLASS MUSCl (MOSSES) 

General characteristics. Mosses are fairly small plants in 
which the gametophyte, during the greater part of its life, consists 
of a stem with small leaves (Fig. 806). The sporophyte is con- 
spicuous to the naked eye, and appears as a large characteristic 
capsule at the end of a long stalk (Fig. 806). In nearly ail cases 
there is a distinct midrib in the leaf. The presence or absence of a 
midrib is often a convenient way of distinguishing between leafy 
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liverworts and mosses. Usually the mosses can also be distin- 
guished from the leafy liverworts by the fact that their leaves are 



Fig. 806. A common moss iCaiharinea unduUua) 

Showing the branching leafy moss plants (gametophytes) attached to the root- 
like mass of protonemal filaments and bearing sporophytes. (After Sachs) 


spirally arranged. Nearly all mosses have not only a midrib con- 
taining conducting cells, but also a central strand of conducting 
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tissue in the stem. Mosses do not have roots, but are abundantly 
supplied with rhizoids. 

The gametophytes produce archegonia and antheridia which, 
while different in details, bear a general resemblance to those of the 
liverworts. The spermatozoids, like those of the liverworts, are 
biflagellate. The fertilized egg germinates within the archegonium 

and develops into a sporophyte 
which is permanently attached to 
the gainetophyte by a foot as in 
the liverworts. The sporangium, 
or capsule, of the mo.sses is a very 
specialized structure (Fig. 818). 
Mosses are much more numerous 
than liverworts both in species 
and individuals, but they are much 
more uniform in structure. 

Most mosses grow on the ground, 
and mosses may cover considerable 
areas. They often grow on tree 
trunks ; in the cloud belt on tropi- 
cal mountains they may form thick 
coatings on the trunks and branches 
of trees. Mosses also occur in 
various other situations, as on de- 

"■'"x' »"<« «*!>« lamp pf 

, exposed rocks. 

Showing its attachment to the pro- rpu c a ^ u 

tonemal filaments which bear re- ^ lirst stage of a moss game- 

productive buds h tophy te is known as the protonema 

(Fig. 807). The cells of the proto- 
nema contain chlorophyll, and the protonema is an independent 
plant manufacturing its own food. In most mosses -this is a 
branched, filamentous, algalike structure from which the leafy 
shoots arise as buds. In a few of the most primitive mosses the 
protonema is a thallus resembling a small, simple thallus gameto- 
phyte of a liverwort. 
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Order Sphagnales 

Sphagnum. All of the Sphagnales belong to the genus Sphag- 
nuniy which is generally regarded as the most primitive of the 



Fic. 808 . The peat riom (Sphagnum) 


mosses (Fig. 808). The protonema is a flat thailus from which a 
much-branched leafy shoot develops. The sporophyte is very dif- 
ferent from that of the typical moss and much less complicated. 
It consists of a globular capsule and a foot, which are connected by 
a narrow neck (Fig. 809). During the development of the sporo- 
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phyte it is, like that of MarchaiUia, surrounded by the enlarged 
archegonium, which forms a covering, or calyptra (Fig. 809). A 
large part of the capsule is occupied by sterile tissue. The spore 
cavity is dome-shaped and surrounds and overarches a sterile 
columella. At the top of the capsule is a cap, or operculum, which 



Fig. 809. The sporophyte of the peat moss {Sphagnum) 

A, group of the sporophytcs on stalks, which are really growths from the game- 
tophyte. Bf longitudinal section through a sporophyte, showing the large foot 
emb^ded in the top of the stalk : a, the remains of the parent archegonium, 
with the neck still present ; s, spore chamber ; c, cover, or operculum 

is separated from the remainder of the capsule by a groove. When 
the capsule is mature, the operculum comes off as a lid. 

Leaf of sphagnum. The leaf of Sphagnum consists of a single layer 
of cells without a midrib. It is very peculiar in that it contains both living 
and dead cells. The living cells are small and form a network in the meshes 
of which are found the large dead cells (Fig. 811). The dead cells are 
transparent, and there is usually a circular opening in the wall. The dead 
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cells are often filled with water, and it is due to their water-holding capac- 
ity that Sphagnum is useful for packing living plants. When dry, the 
leaves absc^rb liquids readily, and for this reason 
Sphagnum is useful for surgical dressings. ^ 

Relationship of Sphagnum. While there are y 

many points of difference, the mosses are A ^ 

closely related to the liverworts and appear to 
have been derived from them. There are strik- ( \ 

ing resemblances between Sphagnum and the ) 

Anthocerotales, Among these is the simple j 

thallus protonema of Sphagnum, A very impor- / 

tant point is the presence of stomata and „ ^ 

chlorophyll m the sporophyte in both cases, ^oid of Sphagnum 
Still another important point is that the spore- fimbriatum 
producing tissue of Sphagnum surrounds and After Guignard 
overarches a sterile columella just as in young 
sporophytes of the Anthoixroiales, In fairly young stages, be- 
fore the capsule has expanded, the sporophyte of Sphagnum 
is strikingly like a young sporophyte of Anthoceros (Fig. 805). 



Fig. 811 . Leaf of Sphagnum 

Left, surface view ; the thin shaded cells are the living cells with chlorophyll, 
the large areas enclosed by the living cells are the dead cells ; note the conspicu- 
ous thickenings on the walls of these and the openings into them. Right, section 
of leaf cut across the view shown on the left ; note the small living cells between 
' the large dead empty cells 
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Peat mosses. Mosses are a prominent constituent of peat bogs. 
These occur in depressions containing fairly still water. The mosses grow in 
from the sides and form a floating mass. As the 
mosses and other plants associated with them 
continue to grow upward the lower layers are 
forced downward, and dead plant remains, known 

as ];)eat, accumulate 
under the living cover. 
In the course of time 
the depression is filled, 
but the mosses, owing 
to their ability to ab- 
sorb and hold large 
quantities of water, 
may continue to grow 
until the bog is raised 
considerably above its 
original level and even 
above the level of the 
surrounding area. The 
lower layers of plant 
remains become com- 
prcs.sed and partially 
carbonized, forming 
I)eat. These deposits 
of i)eat are cut into 
blocks and used as 
fuel. Sometimes the 
l)eat is treated so as 
to improve its value 
as a fuel. Sphagnum 
is the chief peat moss. 

Coal was formed 
by a process somewhat 
similar to that which gives rise tf) peat. The plants were different, and 
their remains accumulated not in bogs but as muck in the swamps or open 
waters of past ages. 




Fig. 812. A single an- 
theridiom of a moss. 
(X155) 


Fig. 813. The antherid- 
ium of a common moss 
(Funaria) 

A, antheridium ; /^, es- 
caping spermatozoids ; C, 
a single s])ermatozf)id, in its 
parent cell. (After Sachs) 


Order Bryales 

General characteristics. All of the mosses, except Sphagnum 
and a very small order which will not be considered here, are in- 
(duded in the Bryales. For so large a group, the structure is very 
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uniform. The gametophyte is characterized by starting out as a 
filamentous protonema from which the leafy branches arise as 
buds (Fig. 807). It is characteristic of the Bryales to have the 



Fig. 814. A single 
archegonium of a 


antheridia (Figs. 812, 813) or archegonia (Fig. 
814) in groups at the ends of branches (Figs. 
815, 816). The leaves around them are often 
slightly modified so that the fertile tip has 
something of the appearance of a flower. This 
is particularly true of the antheridial heads of 
some genera. 

The capsule is borne at the tip of a long 
stalk, and is a rather highly developed and 



Fig. 815. Gametophyte of a moss, showing a group 


moss. ( X 150) of antheridia and archegonia at the tip. ( X 7) 


complicated affair (Figs. 817, 818). During the early stages of its 
life it is, like that of Sphagnwn and Marchaniia^ surrounded by 
a calyptra formed from the archegonium. As the stalk expands, 
the calyptra is carried upward as a covering over the capsule 
(Fig. 817). Only a minor proportion of the tissue of the capsule 
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forms spores. This sporogenous tissue is in the form of a hollow 
cylinder which surrounds a large columella (Fig. 818). Between 
the fertile region and the wall of the sporangium there is a region 
with very loose tissues and large air spaces. A considerable pro- 
portion of the capsule, including this loose tissue, contains chloro- 
phyll and serves for assimilation (Fig. 818). 



Fic. 816. Section through a tip of a mosg plant, showing location of archegonia 

The archegunium on the left has not yet o|>cnetl ; the one in the center is shown 

in section, (x 80 ) 

The sporogenous tissue does not reach over the top of the 
columella as in Sphagnum. Instead, the upper part of the capsule 
is composed of rather small cells and is differentiated into two dis- 
tinct structures. The upper part becomes a lid or operculum which 
is shed when the capsule is mature (Figs. 817, 818). Below this is 
the peristome, which slits into toothlike segments (Fig. 820) and 
thus makes an opening in the top of the capsule (Fig. 817). 




Fig. 817. Gametophyte and sporophyte of Fic. 818. Longitudinal section 
a moss of capsule of Funaria hygro- 

Left, a moss gametophyte teiring a sporo- metnca 

phyte; note that the sporangium^ or ca()siile, p, ixjristome; o, operculum; 

is covered by a hood, or calyptra, which wtiB a, air space ; s, spore-forming 

originally a part of the archegoniuin wall tissue; c, columella; st, sto- 

(x 1§). Upper right, a cjipsule with calyptra mata. The lightly shaded tissue 
removed; the upper portion is differenti- contains chloroplasts and serves 
ated into a lid, or operculum. Below this for photosynthesis. (Modified 
figure is shown a capsule with the operculum after Haberlandt) 

removed; note the fringe of toothlike ap- 
pendages knoum as the peristome (X 3) 
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Fig. 819. Young sporangium of Funaria 

Left, longitudinal section showing apical cell, which is necessary for the growth 
of the capsule. In having a sporophyte which grows by means of an apical cell 
the Bryales resemble the Pteridophyta. Center, cross section of 8f)orangiiim. 
The cells in which the nuclei are showm compose the si)ore-pro(iu(ang tisstie. 
Right, cross section of portion of siK)rangium at later stage, showing early 
stage in the formation of air spaces, (.\fter Ixaderc du Sablon) 

Peristome. Usually the |)cristonie is formed from a single layer of cells 
(Fig. 818 ). The ujiper and lower walls of this layer iiecome greatly thick- 
ened, while tlio walls joining them arc much 
thinner. The result is that there are two 
shei^ts of thick walls joined by thin walls. 
When the capsule ripens and dries, the peri- 
stome splits to form segments of much the 
same shape as the slices into which a pi(‘ is 
cut (Fig. 820 ). Tlu‘se segments an* attached 
to the capsule by their broad bas(*s and form 
the |)eristome te(?th. As the upper and lower 
surface of each sf*gment are com]KKS(Hl of thick 
walls which are held together by thin walls, 
drying causes the upi)e*r and lower layer of 
each segment to split apart, thus forming a 
double layer of tc^etb. 

When the capsule is mature, the tissues in 
the neighl)orhood of the siK)rogenous region 
break dowm so that the spr)res occur in a loose 
lx)W'dery iiiass. The peristome teeth are hy- 
groscopic, and are roughened by portions of 
cell walls which are attached to them. Wlien they are wet or moistened 
by high humidity, they bend into the apcjrangia ; when dry, they bend 
outward. In this way they seem to assist in the dissemination of spores, 
as they bring out spores when it is dry and the sjwres can be scattered 
by the wind. 



Fig. 820. Top view of peri- 
stome of a moss 


Note that it is split into 
sections and that it is rough 
owing to projecting cell 
walls. (From Bergen and 
Caldwell, Practical Botany) 
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Position of mosses in the plant kingdom. The mosses, as we 
have seen, appear to be descended from the liverworts. In them 
there has been a higher development of both gametophytes and 
sporophytes. The capsule of the latter has become highly special- 
ized. That the specializations found in mosses have fitted them 
extremely well for the vstruggle for existence is indicated by the 
large number of species, and particularly by their wide distribution 
and the enormous numlxT of individuals. However, they do not 
seem to have developed into anything higher than themselves. It 
is probable that while their high degree of specialization has fitted 
them for a very succesvsful existence, it has made them unfitted for 
development along new lines. 



CHAPTER XXVII 


DIVISION PTERIDOPHYTA (FERNS AND FERN ALLIES) 

General characteristics. The ferns are the commonest and best 
known of the living pteridophytes. Also common and well known 
are the lycopods or clubmosses, some of the terrestrial species of 



Fig. 821. A groap of large tree ferns (Cyathea) in a mountain forest in the 

Philippines 


which are known as ground pines. A third common and familiar 
group comprises the horsetails or scouring rushes. 

In the Pteridophyia the sporophyte is the conspicuous and 
familiar plant, while the gametophyte is always small and incon- 
spicuous. The gametophyte is in general much less developed, and 
is simpler, than that of the Bryophyta, The sporophyte is usually 
a large or relatively large plant, is differentiated into stems and 
leaves, and in nearly all cases has roots. In its early stages it is like 
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Fig. 822. Spore-plant of a fern {AHpidium Filixrmas) 

Af part of rootstock and fnnul«, not quite one-sixth naturfil size; /r, young 
fronds unrolling (not usually found at the same sejvson as the mature fronds). 
B, under side of a pinnule, shoeing sori ». C, section through a sorus at right 
angles to surface of leaf, showing indusium t*, and sporangia s, D, a 8|X)rangium 
discharging spores. (B is not far from natural size. C and D are considerably 
magnified.) (After Wossidlo) 




Fic. 823. Section of a concentric vascular bundle of a fern (Davallia solida) 
Note that the xylem is summnded by the phloem, (x 110) 



Fic. S24. Grots sectioii of a fern stem (Gleichenia) showing protosteie 


Note that the stele is solid and is concentric, that is, the xylem is surrounded 
by the phloem. Outside the stele is the cortex, (x 50) 
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the sporoph3rte of the Bryophyta in that it is attached to the game- 
tophyte by a foot and is dependent on the gametophyte for nour- 
ishment. Soon, however, it develops its own stems, leaves, and 
roots, and becomes independent of the gametophyte, which goes to 



Fic. 825. Section of a stem of a maidenhair fern {Adiantum)^ showing a 

si phono stele 

Note that there is a central pith composed largely of thick-walled sclerenchyma 
cells, and that outside the stele is a wide cortex. The xylem is bordered on 
both sides by phloem, (x 35) 

pieces and disappears. The sporophytes are long-lived plants, and, 
in addition to their vegetative organs, produce large numbers 
of sporangia. As ferns are the commonest of the pteridophytes 
and as their life history is easily observed and studied, the experi- 
mental cultivation of many species being comparatively easy, the 
typical life history of a fern affords an excellent type for the study 
of Pteridophyta, 
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Fig. 826 . Diagram of a si- 
phonostele of a fern, show- 
ing leaf gaps where leaf 
traces leave the stele 


Sporophyte of a fem. The sporophyte 
of ferns (Fig. 821) varies greatly in size, 
ranging from small mosslike species to 
the tall tree ferns. The structure and 
appearance also vary greatly in different 
cases. The sporophyte of typical ferns 
has a fair-sized stem, a few large leaves 
(Fig. 822), and numerous roots. A very 
characteristic feature of ferns is the 
manner in which the young leaves are 
coiled circinately (Figs. 822, 828). 

The ferns have highly developed vas- 
cular bundles. The characteristic typn' 
in the stems of ferns is concentric 




Fic. 829. Sporangia of a fern iPteris longifolia) 


lioft, entire sporanRium ; center, siwranginm opened by the bending back of 
the annulus (the n)w of thick-walled cells) ; right, the annulus has returned to 
its original position, which movement resulted in the scattering of the spores. 

(X 85) 
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(Fig. 823), the xylem being surrounded by phloem. The most 
primitive type of stele is a protostele (Fig. 824), or solid stele, in 
which there is no pith within the vascular system. A more 
advanced type is the siphonostele (Fig. 825), in which the vascular 
system is in the form of a cylinder that encloses a central pith ; 
where a bundle that supplies a leaf leaves the siphonostele, an 
opening, or leaf gap (Fig. 826), occurs in the cylinder above the 

place of origin of the leaf bundle. 
When the.se gaps are greatly elon- 
gated and extend through several 
nodes the cylinder consists of a 
coarse mesh, and in cross section 
the stele appears to be composed 
of a number of separate bundles 
(Fig. 827) ; such a type of .stele is 
merely a modification of a simple 
siphonostele, but is frequently 
called a polystele. It may be fur- 
ther complicated by the formation 
of extra bundles which develop as 
branches from the original cylinder. 

In primitive siphonosteles the 
xylem is bordered by phloem both 
toward the center and toward the 
exterior (Fig. 825). In certain more 
advanced types there is no internal phloem. The steles of modern 
conifers and dicotyledons appear to have been derived from a 
siphonostele from which the internal phloem has disapfxjared and in 
which there has been a massive development of secondary xylem. 

The sporangia of ferns are usually borne on the lower surfaces of 
the leaves (Figs. 822, 828) and are aggregated in definite areas, the 
son. In each sporangium there are many spores (Fig. 829). As in 
the Bryophyta, a large number of spore mother cells are produced 
in a sporangium. Each mother cell divides to form a tetrad of 
spores. When a spore germinates (Fig. 830) it produces a small 
green thallus, the gametophyte (Fig. 831). 

J Gametophyte of a fern. The gametophyte of the ferns is known 
aa the prothallus (Fig. 831). It is typically a delicate, thin, 



Fig. 830. Germination of fern 
spore and early stages in growth 
of prothaUi 





^ra: w ‘ 


^ n^V W " 

Fig. 831. Lower surface of prothallus. or gametophyte, of a fern 

Near the !)aae of th<r prothallus arc numerous rhizoitls; in the center are 
rounded antheridia containing spermatoz(uds; near the apex are archegonia 
which point toward the base 




O o 


Fig. 832. Antheridium of a fern 

Left, an antheridium on the side of a prothallus of a fern ; note the coiled 
spermatozoids within the antheridium (x 845). Right, a single spermatozoid 
of a fern. (Spermatozoid alter Yamanouchi) 
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expanded thallus which is attached to the ground by numerous 
rhizoids. The latter are slender filaments which absorb water and 
mineral matter just as do the root hairs of flowering plants. The 
typical prothallus of a fern is an independent plant which manu- 
factures its food by means of its chloroplasts and absorbs water 
through its rhizoids. Usually a prothallus bears both archegonia 
and antheridia (Fig. 831), but in some cases the anthericlia and 
archegonia are borne on different prothalli. The antheridia (Figs. 



FlC. 833. A fern antheridium from which the spermatozoids arc escaping 
After Luerascn ; from Bergen and Caldwell, Practical Botany 

832, 833) are spherical and contain numerous spermatozoids. The 
spermatozoid (Fig. 832) is a spiral stnicture, toward one end of 
which are numerous flagella which enable it to swim through water. 
As in the Bryales, an archegonium is a flask-shaped structure. In 
the enlarged basal portion, or venter, there is a large egg (Fig. 
834), and exterior to this a smaller cell, the ventral canal cell. In 
the neck of typical ferns there are two neck canal cells. When the 
archegonium matures, the ventral canal cell and neck canal cells 
become disorganized, and the apical wall cells of the neck spread 
apart enough to leave an opening (Fig. 835), so that there is a 
passage through which the sperm can reach the egg. The arche- 
gonia of the Pteridophyta are in general like those of the Bryophyta, 
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They differ from the archegonia of the Bryophytay however, as they 
are much shorter and are without stalks, and the base is usually 
within the prothallus. A spcrmatozoid swims from an antheridiurn 
and enters an archcgonium (Fig. 836) to which it is attracted by a 
chemical stimulus. One spermatozoid fuses with the egg (Fig. 836). 
As in the case of the Bnjophijiay water is necessary to accomplish 
fertilization, because the spermatozoid has no way of reaching the 
archegonium except by swimming. 



Fic. 835. Arrhegonia of a fern 

Left, the neck canal cells and ventral canal cell are tlisorganized, hut the arche- 
gonium has not opened ; right, archegonium open. (Redrawn after Stnisburger) 


Development of sporophyte. The fertilized egg develops at 
once into a sporophyte (Fig. 837). During the early stages of its 
growth the sporophyte is dependent on the prothallus for nourish- 
ment. The fertilized egg divides into four segments, one of which 
develops into a foot, which absorbs nourishment from the pro- 
thallus. Of the other three cells, one typically produces the stem, 
one a root, and one the first leaf. Like the foot, the first root and 
the first leaf are transitory structures, the w^hole of a mature sporo- 
phyte being derived from the original stem cell. The young em- 
bryo soon produces a stem, roots, and leaves, and thus becomes 
independent of the gametophyte. After such development has 
occurred, the gametophyte is consumed or dies and the sporophyte 



Fic. 836. Fertilization in a fern 


Above, s})crmatozoi(is are entering nock of archegonium; lower left, vertical 
section through venter, showing a single spermatozoid in the nucleus of the egg; 
lower right, horizontal section through venter, showing a later stiige in the 
union of spermatozoid and egg nucleus. (RedrawTi after Shaw) 
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continues to live independently. Thus in a typical fern (Fig. 838) 
the sporophyte and the gametophyte are independent plants. 

Alternation of generations. As in the Bryophyta, the cells of the 
gametophyte are haploid and those of the sporophyte diploid. 
Again as in the Bryophyta, the spores are formed in tetrads (groups 
of four) by two successive divisions of each spore mother cell. The 



Fic. 837. Prothallus of a fern %irith young sporophyte attached 
Left, as seen from above; right, as seen from below, (x 3i) 


reduction in the number of chromosomes occurs in these two divi- 
sions ; the double number is restored when an egg is fertilized by a 
spermatozoid. Therefore the ferns resemble the bryophytes in 
having an alternation of generations consisting of a haploid game- 
tophyte and a diploid sporophyte. As in the Bryophyta^ the sporo- 
phyte starts with the fertilized egg and ends with the spore mother 
cell, while the gametophyte begins with the spore. 

Classes of Pteridophyta. The Pteridophjta are a very ancient 
stock, dating back to Devonian times. They have developed along 
very distinct lines and may be divided into four classes : Psilo- 
phytineae, an extinct Devonian class ; Equisetineae (horsetails) ; 
Lycopodiineae (clubmosses) ; and Filidneae (ferns). 



Fic, 838. Life cycle of a fern 

Af S|K)rophytc; B, pinnule of sporophyte; C, sporangium with spore mother 
cells; D, sjwrangium with tetrads of spores. The line sefmrating the sporo- 
phyte and ganietophyte is drawn through the sporangium, siS a sporangium is 
part of the sporophyte while a s|X)re is a first stage of a gametophyte. spore ; 

spore beginning to germinate ; G, prothallus produced from spore (a sper- 
matozoid from the antheridium is represented as entering the archegonium to 
fuse with the egg) ; //, fertilized egg with egg and sperm nuclei in contact ; the 
fertilized egg is a beginning of the sporophyte. /, egg and sperm nuclei have 
fused; J, two-cell stage of embryo; /C, embryo still attached to prothjdlus 





Fic, 839. Root tip of Pterin gigantea 

LeH, longitudinal section (near the cent(*r is th(* apical cell) ; right, cross sec- 
tion. showing apical cell. The apical cell is four-sided, (me side being in contact 
with the root cap; longitudinal and cross sections appear, therefore, to be 
tnf*ngular. It cuts off segments on all four sides : the segments formed toward 
the root cap form root-cap cells; tluKse cut off toward the ro<»t divide up, as 
shown, to form the tissues of the root. (After Hof) 



Fig. 840. A somewhat diagram- 
matic representation of the apical 
region of the root of a fern 

In the center is f he apical cell, which 
in section apf)ears triangular l)iit 
which in reality is four-sided. Seg- 
ments cut off from the apical side 
form the root cap. Those below 
form the root. Regions enclosed by 
heavy lines are derived from a sub- 
division of a segment of the apical 
cell. (Redra\Mi after Naegeli and 
Leitgeb from Sachs) 


Fic. 841. Portion of a 
young leaf of a fern, 
Ceratopteris^ showing api- 
cal growth 

Redra\Mi after Kny 
from Sachs 



Fig. 842. Cross section of a fern leaf. ( X 240) 
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CLASS PSILOPHYTINEAE 


Order Psilophy tales 

General characteristics. The most ancient of known land 
plants appeared in the early Devonian. They belonged to an 
extinct order {Psilophy tides), widely regarded as the most primi- 
tive order of the Pteridophyta, 
k If i / They get their name from Psi- 

^ il ' \ I ! i lophyton (Fig. 850), the first- 

\ If 1 1/ described genus. While they were 

\ ^ 1 I /// distinctly land plants, the simple 

\ i I Ijij M j forms of some of the genera 

\ liillxi j been regarded by many 

■ I 11 \\ / / s-uthorities as showing consider- 

1 ' 1 \l ll / resemblance to algae. 

' i vl ll i Psilophytales had dichot- 

i \\ j ll omously branched, cylindrical 

I M r Jlj/ aerial branches that grew from 

' ll • ^ underground rhizomes. In most 

! i ( /; cases the branches were leafless 

I j! (Fig. 843), but in one genus there 

ifi . ^ were small spirally arranged leaves 

! I . I (Figs. 851, 852). The young parts 

j J of the branches of some genera 

Ij ^ ' were coiled circinately as are the 

leaves of ferns (Figs. 850, 852). 
Fic. 843. Rhynia There were no roots, but in some 

Left, Rhynia major (x J) ; right, genera the rhizomes bore rhizoids. 

Rhynia Gwynne-Vaiighani (x J). The branches had a vascular 

Lang) this in turn being surrounded 

by an epidermis (Fig. 844) with 
typical stomata (Fig. 856). The vascular sy.stem consisted of 
tracheids surrounded by phloem (Fig. 845). 

The PsUophyialea had sporangia which terminated the aerial 
branches and, at least in some cases, were hardly more than modi- 
fied branch ends (Figs. 846, 847). The spores were in tetrads as in 
the other Pteridophyta (Fig. 848). 
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Rhyma. The plants of the 
genus Rhynia had upright, 
slender, cylindrical leafless ae- 
rial steins which grew from un- 
derground stems or rhizomes 
to a height of twenty centi- 
meters or more and which 
occasionally branched dichoto- 
mously (Fig. 843). They had 
no roots, but numerous rhi- 
zoids grew from the rhizomes. 

The stem contained a very 
simple vascular system con- 
sisting of xylem composed of 
annular tracheids and sur- 
rounded by phloem (Figs. 844, 
845). Around the vascular 
system was a wide cortex sur- 
rounded by an epidermis with 
scattered stomata. 

The sporangia were cylin- 
drical structures which termi- 
nated aerial branches. They 
contained numerous spores, 
which arc sometimes found 
still grouped in tetrads (Figs. 
846, 847). Between the spore 
cavity and the epidermis were 
a number of layers of small 
thin-walled cells. 

Hornea. The aerial stems 
of Hornea were rather similar 
to those of Rhynia, The rhi- 
zomes had tuberous enlarge- 
ments which bore rhizoids and 
from which the aerial stems 
grew (Fig. 849). The sporangia 
differed from those of Rhynia 



Fig. 844. Cross section of stem of 
Rhynia major 

The small dark area in the center is the 
xylem. The light area with small cells 
around this is the phloem. Between the 
phloem and the epidermis is the cortex, 
which is differentiated into an inner and 
an outer region, (x 11). After Ividston 
and Lang 



Fig. 845. Cross section of xylem and 
portion of the phloem of Rhynia 
major, ( X 60) 

After Kidston and Lang 
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in that the spore cavity was dome-shaped and extended around 
and over a sterile region or columella as in Anthoceros (Fig. 848). 

Psilophyton. This genus 
resembles Rhxjnia in many 
respects. It had under- 
ground rhizomes with root- 
like branches, and erect leaf- 
less stems which branched 
dichotomously (Fig. 850). 
The tips of the branches 
were coiled circinately, in 
which respect they resem- 
bled the young leaves of ferns. In fact, an aerial stem of Psi - . 
lophyton with its dichotomous branching and its circinately coiled 



Fic. 846. Longitudinal section of sporan- 
gium of Rhynia major. (X 3i ) 

After Kitlston and Lang 



Fig. 847. A cross section of sporangium of Rhynia major. ( X 14) 

After Kidston and Lung 

tips suggests a fern frond without a lamina. This resemblance is 
emphasized, at least superficially, by the probability that the 
fronds of the most ancient of the fern line consisted of branched 
rachises with little or no lamina. 



Fk;. 848. Hornea 

Left, sp<»rcs iirouiid sterilo cnlumella (x 40); right, spores in tetrads (X 70). 
(After Kidston and Lang) 



Fic, 849. Hornea 
lignieri 


Note the sporangia at 
the tips of branches, 
(xi). After Kidston 
and I^ang 



Fic. 850. Psiloohyton princeps 

A , a plant, showing young branches uncurling at 
the left and branches bearing sporangia at the 
right ; B, tip of a brancli with two sporangia ; C, 
lower part of a stem, showing thorns ; D, longi- 
tudinal section of xylem. (After Dawson) 
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The sporangia were large oval structures, borne in pairs at the 
tips of the stems. 

Asteroxylon. This genus had a more complex structure than 
those previously described. The aerial branches grew from cylin- 
drical, dichotomously branched rhizomes which behaved in a root- 
like manner (Figs. 851, 852). The anatomy of the rhizome was 
aimilar to that of Rhynia, but there were no rhizoids. 



Fic. 851. Asteroxylon mackiei 

Note sporangia-bearing branch to the right, (x i). After Kidston and Lang 

The aerial branches were dichotomously branched and some- 
what thickly clothed with small spirally arranged leaves. The 
leaves were about half a centimeter in length and oval in transverse 
section. They were without veins, the leaf trace or bundle ending 
in the base of the leaf. 

The xylem of the leafy branches was star-shaped, with phloem 
completely surrounding the xylem (Figs. 853, 854). 
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The sporangia of Asteroxylon were pear-shaped and dehisced 
apically. They terminated leafless branches. 

Just as Psilophyton has some fernlike characteristics, so As- 
teroxylon is suggestive of a lycopod. 



Fic. 852. Asteroxylon eherfeldense 

Note rootlike branches l)elow the soil and coiled tips of aerial branches. 

(After Krauscl and Weyland) 

Occurrence of Psilophytales. Psilophytales have been found in 
Devonian strata in various parts of the world, but fossils with well- 
preserved internal structure are known only from one place near 
the village of Rhynie in Aberdeenshire, Scotland. Here there was a 
swamp in early Devonian times, and also a mineral spring or some 
other source of water with a high percentage of silica, and so the 
remains of the plants which grew in the swamp were impregnated 
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with silica. This material has given very complete information on 
the structure of some of the Psilophytales and has been of great 

help in interpreting fossils found else- 
where. Further knowledge may show 
that other types of plants lived in the 
lower Devonian. 

Relationship of Psilophytales. The 

Psilophytales contain the most simply 
organized of the Pteridophyia and the 
most ancient known forms of this 
group. They appear to represent the 
ancestral stock of the Pteridophyia. 
The dichotomous branching character- 
istic of the Psilophytales^ the prevailing 
concentric protostele, and the circi- 
nately coiled stems of some species are 
suggestive of primitive ferns. The lack 
of a lamina in most species is in keep- 
ing with this view, as a naked rachis 
without a lamina appears to be more primitive in the fern stock 
than the possession of a lamina. 

While the sporophyte of the 
Psilophytales is much more 
developed than that of any 
bryophyte, it is relatively sim- 
ple as compared with that of 
most Pteridophytay and has not 
developed roots, which are so 
characteristic of most Pteri- 
dophyta and all higher plants. 

The relationship of the Psilo- 
phytales to the various orders 
of the Pteridophyia will be 
discussed later. 

The structure qf the PsiUh 

jpkytales fits in veiy well with Fk. 854 . Longitadinal section of xylem 
the long-accepted idea that the of Aster oxylon mackiei. (x 180) 

Ptervkphyta are derived from After Kidston and Lang 




Fic. 853. Cross section of xy- 
lem of Asteroxvlon mackiei, 
(X44) 

After Kidston and Lang 
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the Bryophyta, The cylindrical stems of the simpler Psilophytales 
with their typical stomata are very suggestive of the sporophyte 
of the Anthocerotales. The similarity in the way in which the 
sporogenous tissues of the sporophytes of both Hornea (Fig. 848) 
and a young Anthoceros (Fig. 805) surround and overarch a sterile 
columella is particularly suggestive. We have no knowledge as to 
the garnetophytes of the Psilophy tales ^ but it is rather easy to 
imagine tluit the sporophytes of the simpler forms are a highly 
developed and branched development 
from some sporophyte similar to that 
of Anthoceros. 

Some paleohotanists have taken a dif- 
ferent view, localise tlie P silo phy tales ante- 
date any remains which can be j)ositively 
assigned to the Bri/ophiila. They have S(*en 
in the simple; Psilop/njUilesix resemblance to 
an algal thallus, and l)eli(‘ve that the Psilo- 
phijtalcs repres(Mit a modification of such a 
thallus. Against this point of view it may 
be said that the Psilophyiales are very 
typical land plants with well-develo|)ed 
suj^porting and conducting tissue, typical 
stoinat^v, and a cutinized epidermis. All of 
these features argue for a long terrestrial 
ancestr\’^ and are in conformity with the derivation of the Psilophyiales 
from the liverworts. That liverworts have not been found in the earliest 
rocks is explained in part by their delicate structure ; and it may be that, 
like the ferns, they were by no means so abundant in ancient times as at 
present. For a long time liverworts were not known from the Paleozoic ; 
but the finding of typical, highly developed, and highly differentiated 
liverworts in the Carboniferous shows that at that time they existed in 
much tlie same form as at present, and so must have had a long histor3^ 
This information has gone a long way toward removing objections against 
a liverwort ancestry for the Pteridophyta. 

Psilotalos^ Relics of the Devonian Period 

Many of the groups of plants which were prominent and important in 
the past are represented by survivors in the present flora, and so the ques- 
tion naturally arises as to whether or not there are living representatives 
of the Psilophytales. In this connection the Psilatales are most interesting. 



Fig. 855. Stomata and epider- 
mis of Asteroxylon mackiei, 
(X 120) 

After Kidston and Lang 
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This order is composed of two small genera, PsUotum (Fig. 856), which 
occurs in tropical and subtropical regions, and Tmesipteris (Fig. 867), 
which is found from the southern Philippines to New Zealand and in parts 



Fic. 856. Psilotum triquetrum 

A, habk (X J). B, branch with sporan^oa. C, a single sporangium. D, cross 
section of a young sporangium ; the shaded cells are the spore-producing tis- 
sues. (Df after Bower) 

of Polynesia. Both genera resemble the Pdlophytales in lacking roots. 
In them, as in AsteroxyloUf branched rootlike rhizomes take the place of 
roots. 

The aerial shoots, as in the Psilophytales^ branch dichotomously (Kg. 
856). Tmesipteris is usually unbranched. The leaves are spirally ar- 
ranged. Those of Psilotum are scalelike, while those of Tmesipteris are 
longer. The sporangia are borne on the upper surfaces near the bases of 
leaves called sporophylls. In Psilotum the sporangia contain three cham- 
bers (Kg. 856), in Tmesipteris two (Kg. 857). Some authorities regard 
the qporangia as modified branches, which are in the axils of the leaves and 
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which are terminated by the sporangia. This theory would give the 
sporangia a terminal position as in the Psilophytales. 

The anatomy of the stem is very simple and shows primitive features. 
Altogether it is very suggestive of Asteroxylon. 

The prothalli are small and colorless, and live saprophytically within 
the substratum in connection with fungi (mycorrhiza). They bear numer- 
ous archegonia and antheridia (Fig. 858). The spermatozoids are multi- 





Fig. 857. Tmesipteris 
tannenis 

Af habit (x J) ; B, en- 
larged view of sporangium ; 

C, open sporangium (note 
the partition between the 
upper and lower sections) ; 

D, section of sporangium. 

(D, after Bower) 



Fig. 858. Psilotum triquetrum 

A, an entire gametophyte with archegonia and 
antheridia ; the archegonia can be distinguished 
by the prominent neck cells; four archegonia 
form an almost vertical line in the lower part of 
the center of the prothallus ; the antheridia are 
rounded and appear larger than the archegonia. 

B, an archegonium. C, a young antheridium. 
D, a mature antheridium with spermatozoids. 

B, spermatozoids. (After Lawson) 


flagellate as in ferns. Dependence on mycorrhiza for nutrition would not 
appear to be a primitive feature, and yet it is interesting to note that 
this condition is found in the simplest of the living ferns and also in 
Lycopodium, 

The Psiloiales show such a combination of primitive characters as is 
not found in any other group of living Pteridophyta, However, they have 
characters which for a long time caused them to be placed among the 
lycopods. A further study of the details of their structure led many 



Fic. 859. Equisetum arvense 

liCft, 8 poroph 3 rte with fertile branch (at the right) and two voiing sterile 
branches (at the left) (x J) ; center, shield-shaped 8j)or()phyll with old sporangia 
(X 10); right, sterile branch (x J) 

or close to them, and which can he regarded as a remnant of a flora that 
flourished in the mid-Devonian i)eriod before the more modern and sjHJcial- 
ized groups of the Pteridophyta had appeared. 


CLASS EQUISETINEAE (HORSETAILS) 

Equisetum 

General characteristics. During Carboniferous times the Equi^ 
setineae were a dominant element of the flora and included large 
tree forms. All the living Eguisetineae are included in the single 
genus Equisetum, and are rather insignificant representatives of 
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a once great race. As in all of the Pieridophyia, there is an alter- 
nation of a conspicuous sporophyte (Figs. 859, 860) and a small 


inconspicuous gametophyte (Fig. 864). 
The sporophytes of Equisetum are all 
comparatively small plants, the giant of 
the genus being a slender species, Equi- 
seium giganteunij which has slender up- 
right stems that reach *a height of ten 
meters and have a diameter of only two 
or three centimeters. A sporophyte al- 
ways has an underground rhizome from 
which hollow erect aerial branches arise. 
In some cases the aerial branches are 
unbranched and the sporophylls are borne 
at the tips in conelike aggregations called 
strobili (Fig. 860), In a very common 
species, Equisetum arvensCj the upright 
aerial shoots are of two types (Fig. 859) : 
unbranched shoots with terminal strobili, 
and much-branched vegetative shoots 
which serve for photosynthesis. A fan- 
cied resemblance of the much-branched 
structure to a horse's tail is responsible 



Fic. 860. Tip of a branch 
of Equisetum hiemale end- 
ing in a strobilus. ( X 1) 


for the popular name horsetail. The stems consist of nodes and 


long, ribbed internodes. The outer part of the stem is usually 



Fig. 861. Sporophylls of Equisetum arvetise 


Left, 8x>orophyll with unopened sponingia as viewed somewhat from below. 
Center, same viewed somewhat from above. Right, umbrellalike top of sporo- 
phyll with open sporangia as seen from below. (X 10) 


heavily impregnated with silica ; so much so, that the stems were 
formerly used as scouring material. This use gave rise to the 



Fic. 862. Spores of Equi- Fic. 863. Growing point of Equisetum 

setum arvense showing dif- longitudinal section through tip of a single 

ferent positions of eUters. apical cell, the divisions of which are re8i>on8i- 
( X 150) increase in length. Right, cross section 

through apical cell. (After Goebel) 



Fig. 864. Prothalll of Equisetum 


Left, exterior view of male prothallus, showing antheridia, one of which is dis- 
charging spermatozoids (X 40). Right, section through female prothallus. 
The section is cut longitudinally through two archegonia and an embryo 
formed in a third archegonium. (X 45). After Thuret and Hofmeiiter 
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common name "scouring rushes/' The leaves are small and 
scalelike, and are borne in whorls at the nodes. 

Sporophytes. The sporophores, or 
sporophylls, are highly characteristic. 

They have polygonal flat tops (Fig. 

861). The stalk is attached to the 
center of the lower surface of this top. 

The sporangia are also attached to the 
lower surface, and form a circle around 
the stalk (Fig. 861). Attached to one 
point of the mature spore are four long, 
slender elaters (Fig. 862). These are 
formed by the spiral splitting of the 
outermost coat of the spore. This outer 
layer remains attached to the spore 
at the point where the elaters come to- 
gether, thus fastening them to the spore. 

Prothallus. The gametophyte pro- 
duced by the spore is like that of the 
ferns in that it is a small green thallus. 

It is differently shaped from the usual fern prothallus, and much 
more branched (Fig, 864). Equiseiiim is usually dioecious. The 



Fig. 865. Archegoniam of 
Equisetumarvense. ( X 350) 

After Hofmcister 



Fig. 866. Spermatosoid of 
Equisetum 



Fig. 867. Young embryos in arche* 
gonia of Equisetum, ( X 215) 


After Sharp After Sadebeok 

I 

archegonia are very like those of ferns (Fig. 865). The sporophyte 
begins to develop in the archegonium in much the same way in 
ferns (Fig. 867), and, as in ferns, is soon an independent plant. 



Fic. 869. Calamkes suckowi 
After Zeiller 
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Alternation of generations. The alternation of generations is 
like that of ferns. It consists of an alternation of a haploid ga- 


metophyte and a diploid 
sporophyte. The sporo- 
phyte ends with the spore 
mother cell, and the game- 
tophyte starts with the 
spore. 

Fossil Equisetineae 

Geological history. The 

Equisetineae made their 
first appearance as very 
primitive forms in the 
Devonian period. They 
reached their greatest de- 
velopment during Car- 
boniferous times, and were 
represented by many tree 
forms (Fig. 1037). By the 
beginning of the Mesozoic 
they had declined greatly: 
they were represented by 
fair-sized plants (Figs. 868, 
1032), but these were 



Fig. 870. Branch of catamite 
After Grand' Eury 


nothing like so large as 
the giants of the Carbon- 
iferous. They continued 
to decline, and soon were 
represented, as at present, 
by only comparatively 
small species. 

During the Carbonifer- 
ous, two extinct families 
of the EquisetineaCy the 



Calamita>ceaeBJld the Sp?ie^ Fic. 871. Sections of calamite leaves 


nophyllaceaey were well After Thomas 
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represented. The CcHamitaceae included the giant forms, or cala- 
mites (Fig. 1029), while the SphenophyUaceae consisted of weak, 
slender plants which are generally believed to have scrambled 
over other vegetation (Fig. 1029). 

Caiamitaceae. The general appearance of species of the family 
Calamitaceae, which is typified by the genus Cedamites, was not 



Fig. 872. Roots of a calamite 
After Grand' Eury 


unlike the modern genus Equisetum except that a great many of 
them reached tree size, perhaps a height of twenty or thirty 
meters. Calamites, like Equisetum^ had prostrate rhizomes, most 
probably underground, from which the upright stems grew. The 
latter were huge hollow structures with branches and small leaves 
arranged in whorls. 

The young stems were similar to Equisetum in structure, but 
they soon developed secondary thickening of a type very much 
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like that seen in modern seed plants. The secondary wood, in 
some cases, reached a thickness of five centimeters, and the bark 
was even thicker. 

The most numerous fossils are casts of the stem cavity (Fig. 869). 
These casts are marked by vertical ridges and furrows. The casts show 
distinct joints or nodes marked by zigzag furrows running across the 
longitudinal furrows. The cause of these 
markings is that the softer parts of the 
stem liad decayed and the vascular 
bundles j)r()du(ied impressions in the 
form of furrows. The ridges corre- 
s}X)nd to the pith rays, which had dis- 
appeared before the cast was formed. 


Fic. 873. Cross section of small root 
of a calamite 

After Williamson and Scott 

The leaves of Calamites were like those of Equisetum in that 
they were arranged in whorls with the bases joined together 
(Figs. 870, 871). 

The sporangia were borne in w^horls in strobili, as in Equisetum 
(Figs. 874, 875). The sporophyll was like that of Equisetum in that 
it was umbrellalike with a shield-shaped top and with the sporangia 
on the under surface of the top. There were four sporangia on each 
sporophyll. 





Fig. 877. Sphenophyllum plurifoliatum 


Left, section of fairly young stem, but one with secondary thickening (x 13). 
Right, cross section of the xylem of a much older stem ; note extensive de^ 
velopment of secondary wood (x 61 After Williamson and Scott 
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In some cases the strobili bore only sporophylls (Fig. 875) ; in others 
there were also whorls of sterile leaves or bracts (Fig. 874). In different 
genera the sporophylls were attached in the axils of the bracts, midway 
between the whorls of bracts, or just below the bracts. 






p9 






In most species the 8ix)res were all of one size ; but in a few cases some 
sporangia contained small spores (microsjwres) and others large spores 
(megaspwres). Judging by analogy with living plants, it is believed that 
the megaspores gave rise to female prothalli and the microspores to male 
prothaUi. 
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Sphenophyltaceae. The sphenophyllums had slender ribbed 
steins, about the size of a lead pencil or smaller (Figs. 876, 1029). 
The ribs did not alternate at the nodes as in Equiseturriy but ran the 

entire length of the stem. The 

f leaves were small and in whorls. 

Those of one whorl were directly 
above those of the next whorl 
and not alternate with them. 
The leaves at a node were in 
multiples of three; they were 
usually wedge-shaped, and the 
margins varied from entire to 
deeply dissected. 

The xylein of the stem was trian- 
gular, and, although the steins were 
slender, there was secondary thick-- 
ening (Fig. 877). The sphenophyl- 
lums are usually regarded as having 
had aerial steins, which may have 
received support from scrambling 
over other plants. Some authori- 
ties believe that they were aquatics. 

In most of the Sphenophyllaceae 
the sporangia were borne in strobili 
(Fig. 878), but the arrangement of 
the 8f)orangia in the strobilus varied 
greatly in different s|)ecies. 

Fic. 880. Calamophyton primae- Relationship of EyuiS€tifl€Q€» 
vum, a primitive member of the It seems clear that since Devo- 
Equueiales ^jjg Equisetineoe have 

Notenumeroussporangiaoncentral represented a distinct line of 

branch. (AfterJ^uscl and Wey- that since Car- 

boniferous times they have not 
developed along new lines. In their day the Calamitea were dom- 
inant tree forms, but they lost out, and their place has been takeb 
hy seed plants. 

As far as is known, the Equisetineoe appeared after the PsHo- 
‘phyUdes. The earliest representatives were simple forms having 
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points in common with the Psilophy tales, and so it seems probable 
that they developed from a generalized stock which to us is rep- 
resented by the Psilophytales that we know. 

In the middle Devonian strata are found the most primitive and 
ancient known representatives of the Equisetineae. These are Hyenia 
(Fig. 879) and Calarnophyton (Fig. 880). The 
stems of Hyenia were not jointed, but the forked 
leaves were in whorls. The fructification was a 
loose spike, the axis of which bore numerous spore- 
bearing organs or sporophores and no sterile 
bracts. It seems best to use the term sporophore 
rather than s^^M^^ropliyll, so as not to imply that 
these structures were leaves. The s}K)rophores 
were forked, and each arm Imre two or three 
six)rangia. Calarnophyton had jointed dichoto- 
mously branching stems. The leaves were forked 
and in whorls. The sporophores, as in Hyenia, 
were in loose si)ikes without sterile V)racts. The 
sporophores were forked, with a single sjmrangium 
at the end of each arm of the fork. The dichoto- 
mous branching of the sUmus is a feature found 
generally in the Psilophytales, while the forked 
sporangiophores recall the dichotomously branched 
tips of the fertile branches of Psilophyton. How- 
ever, these plants api)ear to be closely related to the 
Equisetineae and jiarticularly to the SphenophyU 
laceae, and thus seem to serve as a connecting link 
between the Psilophytales and the Equisetales, 

Fig. 881 . Lycopodium 

CLASS LYCOPODIINEAE (CLUBMOSSES) reflexum, with sporo- 

phylls scattered over 

The Lycopodiineae are like the Equise- the stem. ( x i) 
tineae in that the living representatives are 
small plants and play a relatively unimportant part in our present 
flora, while other representatives were dominant plants in Car- 
boniferous times and reached tree size. The two most important 
living genera are Lycopodium and Selaginella. The sporophyte is 
differentiated into stems, roots, and leaves. The leaves of living 
species are always small. The spermatozoids of these genera are 
biflagellate as in the Bryeyphyia and not multiflagellate as in ferns 
and Equisetum, 




Fig. 882. Portions of sporopbytes of Lycopodium with terminal strobili 

AfU terrestrial tropical species {Lycopodium cemuum) (x J) ; B, an epipb3rtic 
tropical species {Lycopodium phUgmaria) (x J) ; C, a terrestrial species {Lyco- 
podium davatum) found in the temperate zone and on tropical mountains (x §) 
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Lycopodium 

General characteristics. Lycopodium is a common and widely 
distributed genus of small or fairly small plants. In the temperate 
zone they are terrestrial and are known as ground pines (Figs. 881, 
882). In the tropics there are both terres- 
trial and epiphytic species (Fig. 882). 

As in other Pteridophyta, there is an 
alternation of a conspicuous sporophyte 
and a small inconspicuous gametophyte 
(Fig. 886). The stems in most species are 
much branched, with dichotomous branch- 
ing. The stems are more or less thickly 
covered with small pointed leaves which 
are usually spirally arranged. Each has a 
single median vascular bundle. The spo- 
rangia are borne singly on the upper sur- 
face near the base of a leaf (Fig. 883). The 
sporophylls (leaves with sporangia) may 883. A single spo- 
resemble the ordinary leaves and be scat- rophyll of Lycopodium, 

tered over the stem (Fig. 881), or they may sporangium on the 

u "lu" upper surface near the 

somewhat different in shape and be 
aggregated in terminal strobili (Fig. 882). 

The center of the stem is occupied by a conspicuous vascular 
bundle (Fig. 885). In this there are plates of tracheary tissues, or 




Fig. 884. Cross section ota leaf of Lycopodium, ( X 105) 


xylem, between which are masses of phloem. In erect species the 
xylem is usually arranged more or less radially. In structure the 
vascular bundle recalls that of Aderoxylon. 

Gametoph]rte. The spores of Lycopodium germinate to produce 
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a prothallus. This is a small structure which bears antheridia and 
archegonia. The character of the prothallus is quite different in 
different cases. In some forms it is a lobed, branched structure 
with chlorophyll, somewhat like the prothallus of Equisetum, al- 
though it is more tuberous than the latter (Fig. 886). In some 



Fic. 885. Cross section of a stem of Lycopodium cernuum 

Showing radial protostele in which phloem occurs between the strands of xylem. 
Note the sclerenchyma cells near the outer part of the cortex, (x 46) 

temperate-zone forms it is a tuberous underground structure with- 
out chlorophyll and lives saprophytically with mycorrhiza (Figs. 
887-890). The gametophytes bear numerous antheridia (Figs. 886, 
888, 889, 891) and also archegonia which have the typical struc- 
ture of a pteridophyte archegonium (Fig. 892). The spermatozoids 
are biflagellate (Fig. 891), in which respect they agree with the 
Hepaticae and differ from the ferns, where spermatozoids are mul- 
tifl{^llate. As in other pteridophytes, a spermatozoid swims to 



FiC. 886. Gametophyte of Lycopodium cemuum 


Ay early stage in formation of gametophyte from spore; note abundant 
chloroplasts in cells. B, later stage. T, still later stage ; two archegonia and one 
antheridium are evident; the archegonia can be recognized by the four 
(shaded) neck ceils ; the antheridium is to the right of the archegonia. D, still 
older prothallus. E, prothallus with sporophyte attached to the left. F, game- 
tophyte with older sporophyte. G-I, development of archegonium as seen in 
sections. J-L, development of antheridium as seen in sections. (F, x}^\ 
G-Ly X 200). After Trueb 
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Fig. 887. Prothalli of temperate zone species of Lycopodium 


A, L. complanatum ; L.clavatum; (7, L. annotinum, (After Bruchmann) 



Fic. 888. Longitudinal sec- 
tion of prothallus of Lyco- 
podium complanatum 

To the left are numerous an- 
theridia, some of which have 
discharged the spermatozoids. 
To the right are numerous 
archegonia; note embryo in 
one near the tip. (x 18). 
After Bruchmann 


an archegonium and fertilizes the egg. 
Also, as in other Fteridophyiaj the 
sporophyte is at first attached to the 
gametophyte by a foot and is depend- 
ent on the gametophyte (Figs. 889, 

893) . Again, as in other Pieridophyta^ 
it soon becomes independent. 

Alternation of generations. In Lyco- 
podium the alternation of generations 
is like that of other Pteridophyta and 
consists of the alternation of a haploid 
gametophyte and a diploid sporo- 
phyte. The sporophyte begins with 
the fertilized egg and ends with the 
spore mother cells ; the gametophyte 
begins with the spore. 

Phylloglossum. There is one living 
genus of lycopods which is closely related 
to Lycopodium, This is Phylloglossum^ an 
Australian genus with one species (Fig. 

894) . The mature plant consists of a tuber- 
ous stem with a few leaves and an elon- 
gated stalk terminating in a small strobilus. 
The tuberous stem with its leaves is rather 
similar to a juvenile stage in some species 
of Lycopodium, The gametoph 3 rte is also 
similar to those of some species of Lyco- 
podium where the base of the prothallus 



Fic. 889. Lycopodium, Longitudinal section through prothallus of 
Lycopodium clavatum 


There are numerous aiitheridia in the center of the upper surface, and to the 
ri, 2 ;ht and left of these' are numerous archegonia. A young embryo is very 
evident to the right ; note young shoot above, young root to the right, and 
large foot below and to the left. The mycorrhiza can be seen in the cells near 
the lower surface. (X 37). After Bruchmann 



Fig. 890. Lycopodium 

Above, germination of spore of L. idago (x 680). Below, entrance of my- 
corrhiza into very young gametophytes of L, damium (x 470). After Bruch- 
mann 
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is tuberoua and there are green lobes on which the archegonia and an- 
theridia are borne. In Lycopodium and Phylloglossum all the spores are 



Fic. 891. Development of antheridia ( X 150) and spermatozoids ( X 550) of 
Lycopodium clavatum 

After Bruchmann 

alike. In the other two genera of living lycopods there are two kinds of 
spores, large spores which produce female prothalli and small spores 
which give rise to male prothalli. 



Fic. 892. Development of archegoninm of Lycopodium selago 
After Bruchmann 

Origin of lycopods. The Lycopodiales with their small leaves 
seem to represent a different line of evolution from that seen in the 
ferns with their large leaves, and from that of the Equisetineae with 
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their jointed stems. The anatomy of Lycopodium is very sugges- 
tive of that of Asteroxylon (Fig. 853), as are also the small, spirally 
arranged leaves. The Psilotales are in some respects intermediate 
between the Psilophytales and the Lycopodiineae. All the great 
groups of Pteridophyta had appeared before the end of the Devo- 



Fic. 893. Lycopodium clqvatum 

Left, young sporophytes attached to prothallus; right, 
young sporophyte; below is the foot, to the left the 
root, and above, a shoot. (After Bruchmann) 



Fig. 894. Phylloglos^ 
sum drummondii, 
( x3) 


After Bower 


nian period, and the Psilophytales seem to represent a common and 
earlier Devo^p stock from w hich the Filicineaey the Equisetineae, 
and the Lyc^Smiineae developed. 


Selaginella 

General characteristics. Selaginella is a large genus, with about 
five hundred or more species, of small or comparatively small 
plants. The sporophyte has branched stems with small leaves 
(Figs. 895-897). Some species of Selaginella grow upright and have 



Fic. 895. Portion of a plant of Selaginella with 
sporophylls aggregated in terminal strobili 

The entire upper branch is of limited growth. 
Note that it simulates the appearance of a fern 
frond, (x 1) 


Fic. 896. Portion of a branch 
of Selaginella with two ter- 
minal strobili 

Note the arrangement of the 
leaves in four rows. (X 2) 



Fig. 897. Cross section of a portion of a Selaginella leaf. ( X 235) 
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the leaves arranged radially around the stem. In most species the 
stems are more or less prostrate, and the leaves are in four rows 
(Fig. 896). In such cases the leaves of the two upper rows are much 
smaller than those of the two lower rows. Most of the species of 
Selaginella are tropical, particularly the showy ones, and some of 



Fic. 898. Sporangia and spores of Selaginella 


Af megasporophyll with rnegasjwrangiiim con- 
taining four megjusporcs (x 15) ; B, microsporo- 
phyll (x 15); C, megaspore (x 75); D, micro- 
spore (x 75) 


Fig. 899. Longitudinal sec- 
tion through microsporan- 
gium and base of micro- 
sporophyll of Selaginella 
apus 

Ij ligule. (After Lyon) 


these are cultivated for ornamental purposes. In many species 
there is a long creeping stem from which erect branches grow. 
Often a side branch produces a system of branches of limited 
growth which simulates the appearance of a fern frond (Fig. 895). 

Ligule. Near the base of the leaf there projects from the upper 
surface a small appendage known as a ligule. This is said to absorb 
water. In sporophylls the ligule lies between the sporangium and 
the blade of the leaf (Fig. 899). Ligules are very characteristic of 
fossil lycopods. 
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Sporangia. The sporangia are borne singly on the upper surface 
near the base of sporophylls (Figs. 898, 899). In some species the 
sporophylls are similar to ordinary leaves, but in most cases they 
are smaller and are aggregated into terminal strobili (Figs. 895, 

896, 900). The sporangia are of two 
kinds (Fig. 898), microsporangia and 
megasporangia, and the sporophylls 
which bear them are called respectively 
microsporophylls and megasporophylls. 
A microsporangium contains numerous 
small spores, microspores, while each 
megasporangium contains four large 
spores, megaspores. The microspores 
give rise to male prothalli, the megar 
spores to female prothalli. 



Fig. 900. Semi-diagrammatic 
longitudinal section of strob- 
ilus of Selaginella 

Microsporangia represented 
on the left and megaspo- 
rangia on the right. (After 
Sachs) 


Fig. 901. Microsporangia of Selaginella 

Left, microspore mother cells; right, micro- 
spores in tetrads. (After Lyon) 


In their development the megasporangia give clear evidence of 
having been derived from the sporangia of some plant in which 
there was no differentiation into microsporangia and megasporan- 
gia. In the microsporangia a large number of spore mother cells 
are produced, and each of these divides to form four microsp6res 
(Fig. 901). In the megasporangia also a large number of cells which 
may be regarded as representing spore mother cells are produced 
(Fig. 902). All except one of these disintegrate, while the remaining 
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one increases greatly in size and divides to produce four megaspores 
(Fig. 902 ). The only plausible explanation of the production of a 
large number of rudimentary mother cells in the megasporangium 
is that Sdaginella is descended from a plant in which all these cells 



Fig. 902. Megasporangium and megaspores of Selaginella. ( X 125) 

i4, longitudinal section of megasporangium with megaspore mother cell. The 
functional mother cell is much larger than the others. B, cross section of spo- 
rangium. The functional megaspore mother cell has divided to form a tetrad 
of megaspores. C, a functional tetrad has enlarged greatly. D, section of tetrad 
showing thick walls of spores. (After Lyon) 


functioned as mother cells, and that by specialization it has come 
about that one mother cell grows at the expense of the others, 
which fail to develop. We may conclude that the heterosporous 
Lycopodiineae are descended from homosporous forms. 

The male prothallus develops within the wall of a microspore, 
and consists of a single prothallial cell and an antheridium (Fig. 


734 The Plant Kingdom 

903). Since the whole gametophyte is formed within the spore 
wall, a vegetative prothallus is not necessary, and in the male 
gametophyte it is reduced to a single functionless cell. The an- 
theridium has a sterile covering consisting of a single layer of 
cells, within which biflagellate spermatozoids are produced. The 
female prothallus likewise develops within its spore, the spore 



Fig. 903. Gametophytes of Selaginella 

Left, section of a female prothallus ; the rnegaspore wall is shown in black ; note 
the archegonium projecting from the upper surface of the prothallus (redrawn 
after Miss Lyons). Upper right, male gametophyte of SelagineUa; note that 
it consists of a single prothallial cell and a single antheridiuin (redrawn after 
Belajeff). Lower right, spermatozoids of Selaginella (redrawn after Belajeff) 


wall is burst, and the apex of the prothallus with the archegonia is 
exposed (Fig. 904). The egg is fertilized by a motile biflagellate 
spermatozoid, and the fertilized egg develops into a sporophyte 
(Figs. 905-906), as in other pteridophytes. In some cases arche- 
gonia may be produced, the eggs may be fertilized, and sporo- 
phytes may begin to develop, all before the spores are shed. 

Specialization of spores. The sporangia of Selaginella show 
greater specialization than do those of typical ferns in that they 
are differentiated into megasporangia and microsporangia. The 
differentiation of the sporangia and spores of Selanginella has been 



Fig. 906. Longitudinal section of 
young sporophyte 


Flc. 905. Young sporophytes of Selagi- 
nella kraussiana still attached to mega- 
spore. ( X IJ) 

After Bruchmann 


To the left and above is a young 
shoot. Note the apical cell. 
Above is the suspensor which 
serves to push the embryo down 
into the prothallus. To the right 
is a young root and below is the 
foot 
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accompanied by a decrease in the size of the prothalli and a loss of 
their independence. They are small and are dependent for develop- 
ment on food stored by the parent sporophyte in the spore. 



Fig. 907. Life cycle of Selaginella 

Af portion of sporophyte with terminal strobili ; f?, megasporanRium with 
megaspore mother cell; B', microsporangium with microspore mother cells; 
C, megasporangium with tetrad of megaspores; C', microsporangium with 
tetrads of microspores. The line separating the 8poroi)hytic and gamctophytic 
generations is drawn through the sporangia because the sporangia themselves 
belong to the sporophytes ^hile the spores represent the beginning of the 
gametophyte. D, section of megaspore ; D', microspore ; Ey female prothallus ; 
E\ section of male prothallus ; F, section of female prothallus with an arche- 
gonium ; F', section of mature male gametophyte with spermatozoids ; Gy sper- 
matozoid entering an archegonium ; H, spermatozoid ready to fuse with egg ; 
/, fertilized egg, the beginning of the sporophyte ; Jy young sporophyte within 
gametophyte ; Ky old sporophyte still attached to gametophyte 

The differentiation of spores into megaspores and microspores, 
and their dependence on the sporophyte, has certain obvious 
advantages. The delicate prothalli of ferns do not appear to be 
very well suited to life on dry land, as they require a considerable 
period of favorable moist conditions for their development. The 



Fig. 908. Diagram showing relative development of sporophytes and gamete* 
phytes in Bryophyta and Pteridophyta 

Above, Riccia ; center, a fern ; below, Sdagindla 
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sporophyte of a fern, on account of its structure, can withstand 
conditions that would be fatal to the prothallus. As the game- 
tophytes of SelagineUa derive their nourishment from the sporo- 
phyte, they are more independent of exter- 
nal conditions than are those of ferns. 

Alternation of generations. In Selagi- 
nella there is, as in the other pteridophytes, 
an alternation of sporophytic and gameto- 
phytic generations (Fig. 907). The chief 
differences are that in Selaginella the sporo- 
phyte bears two distinct kinds of sporangia 
which form two different types of spores, 
megaspores and microspores ; and that the 
megaspores produce female gametophytes, 
while the microspores give rise to male 
gametophytes. The spermatozoid from the 
male gametophyte fertilizes an egg in an 
archegoniuin of the female gametophyte, 
and, as in other Pteridophykij the fertilized 
egg produces a sporophyte. In Selaginelln 
the prominence of the sporophyte as com- 
pared with the gametophyte is relatively 
greater than in the ferns we have considered 
and in Lycopodium, in that both male and 
female gametophytes are greatly reduced 
in size and are dependent for nourishment 
on food stored by the sporophyte. 

It is of interest to compare the gameto- 
phytes and sporophytes of liverworts, ferns, 
and SelagineUa (Fig. 908). In all but the 
most advanced types of liverworts the sporo- 
phyte is entirely dependent on the gameto- 
phyte for nourishment. Even in Anthoceros the sporophyte is 
partially dependent on the gametophyte. In typical ferns the 
gametophyte and sporophyte are both independent plants. In 
SelagineUa the gametophyte is greatly reduced in size and is 
dependent on the sporophyte for nourishment, the reverse of the 
condition in liverworts. 



Fic. 909. Itoetes. 

(X J) 
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Isoetes. In addition to Sdagindla, Isoetes is the only genus of living 
heterosporous pteridoph 5 rtes which is included in, or 
even closely related to, the lycopods. The genus 
Isoetes is represented by a number of species, and is 
widely distributed. In general appearance the sporo- 
phyte resembles a tuft of grass (Fig. 909). The stem 
Ls very short and unbranched, and bears a large 
number of crowded, grasslike leaves. Each leaf is a 
sporophyll and has a single sporangium embedded 
in its enlarged base. The leaf resembles that of 
Selaginella in having a ligule. In Isoetes this is 
inserted above the sporangium (Fig. 910). A micro- 
sporangium contains very numerous microspores. A 
megasf)orangium (Fig. 910) likewise contains many 
megaspores, but nothing like so many as there are 
microspores in a microsporangium. In both micro- 
sporangia and megasporangia there are, in addition 
to the sT)ores, })lates c'f sterile tissue. The gameto- 
phytes are very similar to those of Selaginella. Each 



Fic. 910. Base of 
sporophyll of Iso- 
etes with mega- 
sporangium 

After Brongniart 



Fig. 911. Male gametophyte and 
spermatozoid of Isoetes 


A, very young gametophyte (be- 
low, a single prothallial cell, and, 
above this, cells which will form the 
antheridium) ; B, C, further devel- 
opment of antheridium ; Z), anther- 
idium with spermatozoids ; sper- 

matozoid. (After Belajeff) 



Fig. 912. Female gametophyte of Isoetes 
and development of archegonium 

After Campbell and La Motte 
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microspore gives rise to a male plant which develops within the spore. 
The male plant consists of a single prothallial cell and an antheridium 

(h^g. 911). The female prothal- 
lus is developed within the mega- 
spore and produces archegonia 
(Fig. 912). As in other Fteri- 
dophyta, the fertilized egg de- 
velops into a sporophyte. 

Isoetes is often included in 
the Lycopodiineae^ but is some- 
times placed in a class by itself. 
It differs from other lycopods 
in that it has multiflagellate 
spermatozoids, in which respect 
it resembles the Filicineae and 
Equiseiineae rather than the 
Lycopodiineae. 

Fossil Lycopods 

General characteristics. 

In the Carboniferous period 
lycopods were very numer- 
ous, and ranged from small 
herbaceous species very simi- 
lar to modem selaginellas to 
giant trees with extensively 
developed secondary thicken- 
ing (Fig. 913)' There may 
have been, and probably 
were, forms with only one 
kind of spore, as in Lj/co- 

Fic.913. LepWo*ndro„, two figure. Certainly the 

to the left; and Sigillaria^ five figures great majority had mega- 

lo the right Sporangia with megaspores 

After Grand' Eury and microsporangia with mi- 

crospores, as in SelagineUa 
(Fig. 914). The megaspores produced female prothalli with archfe- 
gonia as in Selaginella (Figs. 915, 916), and so it may be supposed 
that the microspores gave rise to male prothalli. Evidently, as in 
modem forms, there was an alternation of a dominant sporophytic 





Fig. 914. Sporangia and spores of Bothrodendron, a Carboniferous lycopod 

Above, section of megasporangiuni with mega^pores; lower left, microspo- 
rangium; lower right, tetrad of microspores. (After Reed.) This Bothroden- 
dr<m was like SelnginelUi in having a megasporangiiim with four megaspores. 
An<ither Bothroderuiron had a number of tetrads of megaspores in the mega- 
sporangium. Lepidodendroriy like Isoetesy had a large number of tetrads in 
each megasporangium 



Fic. 915. Female prothallus of Bothrodendron 
Note heavy megaspore wall; also partial sections of archegonium 
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generation and a generation of small gametophytes. With the 
passing of the Paleozoic era the giant lycopods disappeared. It 
seems that these left no descendants, as the small lycopods of 
today appear to be relatives rather than descendants of the giants 
of the past. 

The two most prominent genera of Carboniferous lycopods were 
Lepidodendron and Sigillaria^ and only these two will be described. 




Fig. 916. Megaspore of Lepidodendron veltheimianum 

Above, megaspore with portion of prothalliis containing archegonium (x 50). 

Below, section of archegonium (x 140). After Gordon 

Lepidodendron. This genus included numerous large trees 
(Figs. 913, 1029). One specimen more than thirty meters in height 
has been measured. The leaves were linear and arranged in spirals 
on the stem (Fig. 917), so that the leaf scars show a spiral arrange- 
ment (Figs. 917, 918). Like those of modern lycopods, the leaves 
were small for the size of the plants ; but they were larger than 
those of the recent forms. The large trees were characterized by 
having single, tall trunks. The branching was dichotomous, and 
considerable branching resulted in a rather dense crown (Fig. 1029). 
The sporangia were in strobili at the ends of branches as in Selagi^ 
nella and most species of Lycopodium. The strobili were formed of 
sporophylls, each with a single sporangium on its upper surface as 
in modern Lycopodicdes. Lepidodendron was heterosporous. 
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The stem contained a single stele, which was not broken up into bundles 
as in the higher plants. In some cases the xylem formed a continuous ring 
around a central pith ; in others, the xylem was solid. These different 
conditions were found not only in different species but even in the same 
individual, the ring of xylem being characteristic of the large stems of 



Fig. 917. Lepidodendron lycopodioides 

Note small leaves and leaf scars. (After 
Zeiller) 



Fic. 918. Bark of Lepida- 
dendron diplotegioides 

An outer layer has been 
removed from a large part 
of the specimen. (After 
Schimper) 


most forms. The majority show a considerable development of secondary 
tissues due to cambial activity between the xylem and phloem. 

Sigillaria. This genus also contained large trees, thirty meters 
or more in height. They were often unbranched (Figs. 913, 1029), 
or sometimes the stem was sparingly divided dichotomously, form- 
ing a few large branches (Figs. 913, 1029). The leaves were long, 
reaching a length of a meter or more, and were often in terminal 
clusters. The leaf scars were usually in vertical rows ; sometimes 
on elevated ridges (Fig. 919). 
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Sigillarias must have been rather bizarre in appearance. Some 
were tall and slender, while others were very large at the base and 
tapered rapidly. 

The primary wood was in the form of a ring as in Lepidodendrorif 
but differed from that of the latter genus in being broken up into sepa- 
rate bundles. The stem, like that of Lepidodendron^ shows secondary 
thickening. 



Fig. 919. Bark of Sigillaria pachyderma and 5. tessellata 
Note variation in appearance as layers are removed. (After Schimper) 


The sporophylls of Sigillaria were in strobili resembling those of 
Lepidodendron. However, they were not borne at the ends of 
branches but in whorls or in vertical rows on the large stems. Some 
of the sigillarian strobili were very large, reaching a length of thirty 
centimeters and a diameter of six centimeters. It is believed that 
the strobili were generally heterosporous ; that is, that thfy con- 
tained both megaspores and microspores. 

•‘Seed.” In some cases among the Carboniferous lycopods,the 
differentiation of megasporangium and megaspore went so far as to 
produce seedlike structures (Fig. 920). This occurred in both her- 
baceous and arborescent forms. In such cases only a single megar 
spore developed, and this practically filled up the megasporangium. 
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This megaspore produced a prothallus which was permanently 
retained within the sporangium. Also, a sterile envelope, similar to 
an integument, grew up around the sporangium. 

No embryos have been found within these "seed/' but the absence of 
an embryo seems to be characteristic of Paleozoic seed. Functionally, the 
structures just described were seed. It is usually said that they differed 
from true seed in that they had no vascular system other than that of the 



Fig. 920. ''Seed” of Miadesmia membranacea 


Above, sporophyll with "seed." Note long hairlike appendages on "seed.” 
Below, section of sporophyll and "seed"; «, sporangium wall; p, prothallus; 
If ligule ; Vf vascular bundle of sporophyll. Note that the sporophyll forms a 
covering around the s|K)rangium. (After Benson) 

bract or sporophyll ; also that they were not detached independently, as 
were true seed of the Paleozoic era, but were shed attached to the bract 
or sporophyll, which served as a wdng for the dispersal of the "seed" by 
the wind. 

The "seed "-bearing lycopods did not sur\’ive the Paleozoic era, and 
did not give rise to any of the modern seed plants. 

CLASS FILICIISEAE 

General characteristics. Among all the Pteridophyta the Fili^ 
cineae or ferns are characterized by having sporophytes with large 
leaves. In shape the leaves vary very greatly, ranging from very 
simple to very much compounded (Fig. 821 ). Some ferns are so 
small as to be mosslike, while others are trees (Fig. 821 ) reaching a 
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height of eight or ten meters or more. In many the stem takes the 
form of a rhizome. While some ferns can live in rather dry situa- 
tions, most of them are found in moist places. In warm and moist 
parts of the world, ferns are very numerous as epiphytes. The 
structure of ferns is much more varied than that of either of the 
other classes of living Pteridophyta, The ferns also far outrank the 
other classes of Pteridophyta both in number of species and in num- 
ber of individuals. 

Past history. At one time it was thought that ferns were ex- 
ceedingly common during Carboniferous times; but it has been 



Fic. 921. Sporangia of Zygopteris 
After Renault 


found that most of the fernlike fronds of the Carboniferous period 
bore seeds and so were seed plants rather than ferns. Plants which 
appear to be true ferns are known from the Devonian and also from 
the Carboniferous, but it would appear that the part played by the 
ferns in the flora of these ancient times was insignificant as com- 
pared with that of Equisetineae and Lycopodiineae. The plants of 
the mid-Devonian, as we have noted, were predominantly leafless. 
Most of the ancient ferns seem to have lacked laminae. The fronds 
were branched naked rachises on which the sporangia were borne 
terminally (Fig. 921). These original ferns were certainly very dif- 
ferent from those of today. 

Since the discovery that most of the ancient femlike leaves with 
laminae belonged to seed plants, it has become more or less a ques- 
tion whether the remaining ones are ferns or seed plants. There are. 
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however, some widely distributed forms with laminae (Fig. 922) in 
late Devonian and Carboniferous times which appear to be ferns. 
Large tree forms of a group which was abundant in the late Car- 



Fic. 922. Archaeopteris hibernica,, a plant which is generally regarded as a fern 
Above, fertile leaf ; below, sterile leaf ; to the right, sporangia. (After Renault) 


boniferous and Permian, and practically confined to those times, 
have been regarded as tree ferns (Fig. 1029) ; although it has been 
suggested recently that they may be seed-ferns. They reached 
heights of about twenty meters, and 
were equal in stature to the tallest of 
living tree ferns. 

The s|)orangia of these ancient tree 
forms were not separate as in most modern 
ferns, but were united in groups, forming 
rings or rows, as in what is now a small 
family (M arattiaceae. Fig. 925) of tropical 
ferns, none of which are tree ferns. The 
ancient tree forms, if ferns, wape much 
more closely related to the Marattiaceae 
than to modern tree ferns. 

Probably the ferns and seed-ferns are descended from a common 
stock, but they seem to have separated before either branch ac- 
quired lamina, as the earliest known seed-fern is without lamina 
(Fig. 952). 



Fig. 923. Two stages in the de- 
velopment of the sporangium 
of Dennstaedia punctilobula, 
a leptosporangiate fern 

After Conard 
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Ferns were very much more abundant during the Mesozoic than 
in the Paleozoic, and their abundance and importance seem to 
have increased up to the present day. As they have increased in 
abundance they have also undergone evolution, and most of the 
living ferns are of modern types. 



Fig. 924. The moonwort and 
adder's-tongue 

i4, the moonwort {Botrychiumtemor 
turn) ; B, the adder’s-tongue (Ophi~ 
ogloaaum vulgaium) 



B 


Fig. 925. Christensenia cumingiana^ 
one of the Marattiaceae 

A, a leaf with synangia (x J). B, en- 
larged view of synangia. Note open- 
ings in the individual sporangia 



Eusporangiate and leptosporangiate ferns. The ferns are di- 
vided into two groups, the eusporangicUe ferns and the lepto- 
sporangiate ferns. In the Bryophyta and also in the Equisetineae 
and Lycopodiineae, the sporogenous tissue develops from cells be- 
neath the epidermis. This appears to have been true also of the 
Psilophytales, and is regarded as a primitive condition. Ferns in 
which sporogenous tissue is developed in this way are called euspo- 




Fic. 927. MarnUea sporocarp 

Upper left, inside of one valve showing veins going to the sori; lower left, 
section through si)on>cnrp showing early stage in development of two rows 
of sori ; right, longitudinal section of a single sorua, o, young megasporangium ; 
bf 6, cells which will give rise to microsporangia. (After Johnson) 
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rangiate ferns. The eusporangiate ferns are regarded as more primi- 
tive than leptosporangiate ones. 

In the typical leptosporangiate ferns the sporangium and its 
stalk are formed from an epidermal cell. Oblique walls develop in 

this cell in such a way as to form 
an apical cell, divisions of which re- 
sult in the production of a sporan- 
gium (Fig. 923). While the typical 
eusporangiate and leptosporangiate 
sporangia are very distinct, grada- 
tions from one to the other occur 
in the simplest of the leptosporan- 
giate forms. 

Eusporangiate ferns. There are two 
small families of eusporangiate ferns, 
the Ophioglossaceae and the Maraitia- 
ceae. All the eusi)orangiate ferns are 
homosiK)rous. In most species of the 
Ophioglossacene the .stem is underground 
and produces a single leaf at a time 
with a ixjtiole. From this leaf there 
arises a stalk which may be a con- 
tinuation of the petiole, and on which 
the sfK)rangia are borne (Fig. 924). The 
gametophyte is mostly subterranean, 
and is saprophytic, as in Lycopodium, 
The Marattinceae are a tropical 
family containing both small and large 
forms. In some cases the sporangia are 
fused into groups called synangia (Fig. 
925). The prothallus is an independent 
green plant, and in some cases is rather large and branched and resembles 
that of a thallus liverwort. 

Leptosporangiate ferns. Most of the modern ferns are included 
in this group, and it is in them that we find the great variety of 
vegetative structures mentioned in the introduction to the Fili- 
cineae. There are two hundred or more genera and some ten thou- 
sand species. Most of the leptosporangiate ferns are homosporous, 
but there is a small group of water ferns which are heterosporous. 



Fic. 928. MarsUea 


A, B, stages in the swelling of 
the part of the sporocarp to 
which the sori are attache^!. C, a 
8C3ni8 showing mega.sporangia ; 
the lighter-colored bo(lie.s are 
microsporangia with microspores. 
D, the mucilaginous ring has car- 
ried the sori out of the sporocarp. 

(After Hanstein) 
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In the homosporous leptosporangiate ferns the sporangia are 
usually arranged in definite groups or sori, but may be scattered 
over the whole under surface of the leaf. In some cases the sorus is 
without a covering ; in others there is a thin membranous covering 
known as an indusium (Fig. 822). In some the sporangia occur in 
longitudinal lines near the margin of the leaf and the edge of the 







Fic. 929. Marsilea 

A , microspore ; microspore in which the small prothallial cell seen in the 
lower part of the microspore has been formed ; C -F, stages in the development 
of the two antheridia (note the disappearance of the single prothallial cell); 
//, spermatozoids. (After Sharp) 


leaf is rolled over to form a false indusium (Fig. 828). The lepto- 
sporangiate ferns are divided into families which are based largely 
on the general character of the sporangia and the nature of the 
annulus. In all of the homosporous leptosporangiate ferns the pro- 
thallus is a small, thin independent green plant. 

Marsilea. Mardlea may be taken as an example of the heterosporous 
ferns. The stem of Afarsilea is creeping and branched. The leaves have 
long stalks, and each terminates with four cloverlike leaflets (Fig. 926). 
Marsilea grows in shallow water or very wet places. When growing in 
water, the length of the leafstalk varies with the depth of the water. The 
spores of Marsilea are of two kinds, megaspores and microspores. These 
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are formed together within a hard oval structure known as a sporocarp. 
The sporocarps are borne on short stalks which arise from the lower part 
of the stalks of fertile leaves (Fig. 926). The sporocarp corresponds to a 
leaf segment which, by a peculiar method of growth, produces a hard 
covering within which are numerous sporangia arranged in sori (Fig. 927). 

The macros{X)rangia and microsporangia occur 
in the same sorus (Fig. 928). After a period 
of rest, the s|)orocarps germinate when placed 
in water. The part of a sporocarj) to which 
the sori are attached becomes gelatinous and 
swells, thus carrying the sori outside of the 
covering of the sporocarp (Fig. 928). \"arious 
features of the water ferns, including the 
method by which the s{)orangia are formed 
(Fig. 927), show clearly that the water ferns 
belong to the nu)dern fern, that is, the lepto- 
s}K)rangiate ferns. 

As in Selaginelldy a male gamctophji;e de- 
velops w'ithin a micros|X)re. This consists of 
one or two [)rothallial cells and two antheridia 
(Fig. 929). A single archegoniurn is formed 
at one end of a megasi)ore, which thus be- 
comes the female gjimetophyte (Fig. 91^0). 

Interrelationship of Pteridophyta* In 
the early Devonian there apj^eared the 
most primitive of the known orders of 
Pteridophyta, the Psilophytaks, liefore 
the close of the Devonian the Pfnlophyta- 
les seem to have di.sappeared, but before 
they did so they had given rise to three 
prominent and distinct lines of evolution : 
the Equisetineae, the Lycopodiineaey and the Filidneae (Fig. 1037). 
The Equisetuieae and Lycopodiineae developed rapidly and were 
dominant plants in Carboniferous time. liefore the dawn of the 
Mesozoic they declined greatly, and soon sank to an unimportant 
position such as they occupy at present. The Filicineae developed 
much more slowly, and did not come into great prominence until 
the Mesozoic. They have continued to develop, and are probably 
more important constituents of the flora of the present than at any 
time in the past 



Fic. 930. Female gameto- 
phyte of Marsilea 

Note that a single very 
large cell with numerous 
starch grains practically 
fills the megaspore and 
that at the end of this cell 
there is a single archego- 
nium which projects from 
the spore wall 
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DIVISION SPERMATOPHYTA 

General characteristics. The Spermatophijtu, or seed plants^ 
are distinguished from all others by the possession of seed. In the 
Spermatophyta the familiar seed plant is a sporophyte. The sporo- 
phytes of this group are the most complex of all plants, and among 
them are found the classes of plants which are generally regarded 
as the culmination of the evolutionary processes in the plant king- 
dom. In the Sperm/itophyta the sporophyte reaches its highest 
development. In the bryophytes the sporophyte is small and de- 
pendent on the gametophyte. In those forms with the simplest 
sporoph3'tes this dependence is complete, while in the Anthocero- 
iales the sporophyte is partially self-sustaining, as it has assimila- 
tive tissue with chlorophyll. In the Pteridophyta the sporophj'te is 
dependent on the garnetoph^de onkv during its earlj’^ stages, and in 
homosporous forms the mature sporophytes and gametophjles are 
both indejx^ndent plants ; there are thus two independent genera- 
tions. In the heterosporous pteridophytes, sporophytes and game- 
tophytes are still separate plants ; but the gametophyte is reduced 
and is dependent for its nourishment on food derived from the 
sporophyte. In the Spennaiophyta the garnet ophytes lose their in- 
dependence entirely : they are nourished by the sporophyte and 
develop within the sporophjde. The spore which gives rise to a 
female gametophyte is surrounded by the tissue of the parent 
sporophyte during its entire existence, and so is the gametophyte 
itself. We find thus that the relative importance of sporophytes 
and gametophytes is the reverse of the condition found in the 
simpler bryophytes. Wit hin the Spermatophytn themselves we see a 
continuation of the development of the sporophyte and a decrease 
in the development of the gametophyte. 

Sporangia and spores. All seed plants are heterosporous in the 
sense that there are two kinds of spores, one producing male pro- 
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thalli and the other female prothalli. The two types of spores are 
very different in appearance and are produced in very different 
kinds of sporangia, and the prothalli which are developed from 
them are very dissimilar. The terms ''megaspores'' and "micro- 
spores" which are used in the Pteridophyia are also applied in the 
SpermcUophjta to spores which produce respectively female and 
male prothalli. The names are misleading in that there are no such 

differences in size among the spores as 
between the megaspores and microspores 
of the Pteridophyia^ the microspores of 
the Spermatophyta being often larger than 
the megaspores. As the important differ- 
ence is not one of size but of the sex of the 
prothalli produced, the terms "gyno- 
spores" and "androsporcs" are more 
appropriate. 

In Spermatophyta the androspores, 
or microspores, are known as pollen 
grains, and the sporangia in which they 
are produced as pollen sacs. The gyno- 
sporangium, or megasporangium, is the 
ovule. 

The spermatophytes are divided into 
two classes, gymnosp(Tms and angio- 
sperms. In the angiosperms the ovules 
are enclosed in ovaries; in the gymno- 
sperms they are exposed as they are in 
the pteridophytes. 

Ovule and female gametophyte. The ovule consists of a central 
mass, the nucellus, or sporangium proper, enclosed in one (Fig. 931) 
or two envelopes called integuments. The integuments arise as 
collarlike outgrowths which grow up over the nucellus and enclose 
it completely except at the apex, where there is a small opening, the 
micropyle (Figs. 325, 931). A spore mother cell is formed within 
the nucellus (Fig. 932). In most species there is only one spore 
mother cell, but in some cases there are more. Typically the spore 
mother cell divides to form a row of four spores (Fig. 932). Three 
of these degenerate, while the remaining one germinates (Fig. 932) 



Fig. 931. Longitudinal 
section through ovule of 
Cycas rumphii 

The ovule con.si8ts of the 
nucellus surrounded by 
an integument; within 
the nucellus is a young, 
rounded female prothal- 
lus. (x20) 



Fig. 932. Spore mother cell and spores in ovule of Zamia floridana 

Center, spore mother cell within the nucellus, the curved lines outside the 
nucelhis showing location of the integument ; left, four spores formed by the 
divisicni of the spore mother cell; right, the three apical spores have begun to 
disorganize, while the lowest, which will give rise to the female prothallus, is 
enlarging. (Redrawn after F. Grace Smith) 



Fic. 933. Longitudinal section through ovule and seed of Cycas rumphii 

Left, ovule some months before fertilization ; o, outer layer of the integument ; 
8, stony layer of the integument ; i, inner fleshy layer of the integument ; 
n, nucellus; p, female prothallus; a, archegonium. Center, an older ovule; 
the prothallus has enlar;^, while the nucellus has largely di8apIX^a^ed. Right, 
an embryo has grown from one of the archegonia and penetrated into the 

prothallus. (X H) 
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and produces a female gametophyte, or prothallus, which remains 
permanently enclosed within the sporangium (Fig. 933). In most 
of the gymnosperms archegonia are produced at the micropylar 
end of the prothallus, but in the angiosperms there are no arche- 
gonia and one of the cells of the prothallus becomes an egg. 

Pollen sacs and pollen. The pollen grains are borne in sporangia 
on sporophylls (Fig. 934) which are calletl stamens. In most of the 
gymnosperms the pollen grains are carried by 
the wind, and by chance some are deposited 
at or in the micropyle (Fig. 997) of an ovule. 
The pollen grain sends out a pollen tube that 
grows through the nucellus toward the arche- 
gonia (Fig. 999). The eggs in the archegonia 
are fertilized either by s^x'rrnatozoids or by 
male nuclei from the pollen tube. In the angio- 
sperms, where the ovules are enclosed in an 
ovary, the pollen grains are deposited on the 
stigma, and the pollen tube grows through the 
style before reaching the ovule (Fig. 326). 
Seed. The fertilized egg germinates and 
Fic.934 Under 8ur- Produces an embryo which is enclosed within 
face of staminate the tissue of the ovule. The embryo together 
sporophyll of C>ca5 with the surrounding tissue of the female ga- 

p^llct"Iac»* metophyte and of the ovule (Fig. 933), or of 
( X li) the ovule alone, is known as a seed. The seed 

is the characteristic structure of the division 
Spermatophyta, In the angiosperms the nucellus almost com- 
pletely disappears during the growth of the seed. 

CLASS GYMmSPERMAE 

The class Gymnospermae is the more primitive of the two classes 
of the Spermatophyta, and is characterized by ovules which are not 
enclosed in ovaries. The term "enclosed'' is used in the sense of 
being surrounded by a continuous covering of tissue. It is necessary 
to distinguish between being enclosed in this w ay and being hidden 
and surrounded by a number of different structures. In the pine, 
for instance, the scales of the cone are so close together until the 





Fic. 935. Cycas rumphii 

At the aj>cx there is a group of young ovulate sporophylls with ovules slightly 
p.^8t the pollination stage; below the sporophylls is a whorl of foliage leaves; 
below this is a circle of old sporophylls with nearly matured seeds ; below these 
sporophylls is another whorl of leaves, (x 
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seeds are ripe that the seeds are completely surrounded and hidden 
from view. However, the scales are never actually united but 
simply in close contact. When the cone openg it does so by the 
spreading apart of the scales. In angiosperms the fruit opens by 
actual splitting or by the breaking down of the covering, and not 
simply by the separation of distinct parts. 

In the pine the scales not only separate when the seeds are ripe, 
but also at the time of pollination, so that there is an opening by 
which the pollen can reach the ovules. In the angiosperms, as was 
shown in an earlier chapter, at the time of pollination the ovules 
are enclosed in an ovary, the pollen grains are deposited on a stigma, 
and the pollen tube must go through the tissue surrounding the 
ovules in order to reach the latter. 

In the structure of the vascular elements gymnosperms are more 
primitive than are angiosperms. In the larger and more primitive 
orders of the gymnosf)erms the wood is composed of tracheids and 
wood parenchyma and does not contain wood fibers or vessels. 
Companion cells are not found in the phloem. As we have seen 
earlier, the vessels and wood fibers of the angiosperms originated 
through the specialization of tracheids. The difference in the char- 
acter of the wood in gymnosperms and angiosperms, and the ex- 
posed position of the ovules in the gymnosperms, are features which 
indicate that the gymnosperms are more primitive than the angio- 
sperms. More complete evidence for this view will be given later. 
The life history of Cycas, the most primitive genus of living seed 
plants, will serve as an introduction to the Spermatophyta. 

Life History of Cyccw 

Sporophyte. The cycads are a small group of plants with either 
a columnar (Fig. 935) or a tuberous stem which bears a crown of 
leathery pinnately compound leaves (Figs. 940, 951). The stems 
^re unbranched or sparingly branched. In the stem there is a 
relatively large pith surrounded by a band of woody tissue which 
increases in width by secondary thickening (Fig. 936): A slight 
development of secondary thickening is found in some ferns, but 
the cycads are the most primitive living plants that have a great 
development of secondary wood. 




Fig. 937. Ovulate sporophylls of cycads 


Af Cycaa revoluta with young ovules (x §); Cijcas cirdnalis with young 
ovules (X f); C, Cyca^ rumphii with seed (x jf). This siwies usually bears 
six ovules, but two or four are also frequent. D, Dioon edule with seed (x }); 

Zamia with seed (x f) 
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Both the ovules and the pollen sacs are borne on modified leaves, 
known respectively as ovulate sporophylls (Figs. 935, 937) and 
staminate sporophylls (Fig. 934). The 
staminate sporophylls are relatively small, 
bear large numbers of sporangia or pollen 
sacs on their lower surfaces, and are aggre- 
gated into definite cones (Figs. 938, 939, 

940) produced at the apex of the stem. In 
all the genera except Cycas the ovules also 
occur in a cone (Fig. 941) at the apex of 
the stem. In the genus Cycas the ovulate 




Fic. 938. Cone of staminate sporophylls of 
CycM 


Fig. 939. Cone of staminate 
sporophylls of Zamia flori> 
dana. ( X 1 ) 


sporophylls are not in cones (Fig. 935) and are somewhat similar 
to ordinary leaves (Fig. 937) ; they are produced at the tip of the 
stem in whorls alternating with w'horls of ordinary leaves (Fig. 
935). The ovulate sporophylls of Cycas revolula are very leaf like 
in appearance (Fig. 937), while those of the genus Zamia bear 
almost no resemblance to ordinary leaves; between these two 
extremes there are various gradations (Fig. 937). The leaflike 
appearance of the ovulate sporophylls of Cycas revoliUa indicates 





Fig. 941. Cone of ovulate sporophylls of Zamia floridana 
Left, entire cone ; right, cone with some sporophvUs removed and showing seed. 

(X S) 
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that they have been derived from ordinary spore-bearing leaves, 
and the gradations between the ovulate sporophylls of Cycas 
revoliUa and those of Zamia indicate that even the highly modi- 
fied sporophylls of Zamia had a similar origin. 

Ovule and female prothallus. In the cycads the ovule consists 
of the nucellus, or sporangium proper, and a single integument en- 
closing the nucellus, except that at the apex 
there is a small opening, the micropyle (Fig. 
931). Within the nucellus there is produced 
a spore mother cell which divides to form a 
row of three or four spores (Fig. 932). All 
except one of these degenerate and disap- 
pear, while the functional spore germinates 
within the nucellus (Fig. 932) and produces a 
large oval female prothallus (Figs. 931, 933). 
This prothallus is retained permanently 
within the nucellus. 

The first division of the spore nucleus is with- 
out the formation of cross walls. This is al.so true 
of scn'eral succeeding divisions. This method of 
division is known as free nuclear division, and 
the ro.sult is that there arc quite a niimlKT of 
nuclei which lie free in the (!ytof)lasm of the grow- 
ing j)rothallus. At a very early stage a large cen- 
tral vacuole appears in the cytoplasm, so that the 
nuclei lie in a peripheral layer of cytoplasm which 
lines the spore wall (Fig. 042). After the nuclei have l)ecr)me numerous, 
walls are formed. The wall formation appears first at the periphery and 
proceeds progressively inward until the prothallus becomes cellular. 

As the prothallus matures it produces archegonia, which are 
usually in a group below^ the micropyle (Figs. 933, 943, 944). The 
archegonium of the cycads consists of two neck cells and a large egg 
cell (Fig. 944). The neck canal cells found in bryophytes and 
pteridophytes are lacking, while the ventral canal cell is reprer 
sented by an evanescent nucleus w^hich, with the surrounding 
cytoplasm, disorganizes soon after its formation (Fig, 945). This 
evanescent nucleus appears to have no function, but represents the 
survival of an ancestral characteristic. 



Fig. 942. Longitudinal 
section through ovule 
of Ceratozamia longi- 
folia 

In the center is a de- 
veloping prothallus. At 
this stage it is rnulti- 
nucleate without cross 
walls, and the proto- 
plasm with the nuclei 
lines the spore wall, 
(x 10). After Treub 



Fig. 943. Longitudinal section of apical portion of ovule of Cycas rumphii 
shortly before the time of fertilization 

Above is the nucellus, through whicli i-Killen tiil>es are growing ; below is a por- 
tion of the female prothallus, showing two archegonia 
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Fig. 944. Development of arche- 
gonium of Diooti. ( X 75) 

After Chamberlain 


Male prothallus and fertilization. 

Before being shed the pollen grain 
germinates and produces a male ga- 
rnet ophytc, or prothallus, within the 
pollen grain (Fig. 946). This game- 
tophyte consists of a sterile prothal- 
lial cell, a generative cell, and a tube 
cell. In this three-celled condition 
the pollen grains are shed. The pol- 
len grains are carried by the wind 
and enter an ovule through the mi- 
cropyle (Fig. 947). Here the pollen 
tulx' cell semis out a pollen tul>e 


which becomes embedded in the nucellus and, by elongating, 


carries the prothallial and generative cells through the micellar 


region toward the archegonia (Fig. 946). The generative cell 



Fig. 945. Archegonia ami eggtj of Cycas rumphii 

Left, archegonium in the appear part (»f whi^^h the ventral-canal nucleus and 
surrounding cytoplasm are disintegrating (x 17) ; center, an egg into the up|>er 
portion of which a siiermatoz.oid htis penetrated (x 22) ; right, an egg with the 
nucleus of the spermatozoid about to fuse with the egg nucleus (x 22) 



Fk;. 946. Pollen grains and pollen lubes of Cycas rumphii 

A, pollen grain before division of nucleus (x UKSO). B, pollen grain after the 
formation of niah' prothallus; above is the large tube a ll, below this the gen- 
erative cell, below the generative cell the prothallial cell. (\ pollen tulx' before 
division of bo<ly cell (x 47); f, tube nucleus; 6, body cell; s, stalk cell; 
p, pn>thallial cell. /), pollen tube in which the prothallial cell and stalk cell 
are disappearing and in wdiich the body cell has divided to form two sj)erma- 
tozoids. Ey an older stage showing the two s]M‘rinatozoids. (Last two drawings 

after Miyake) 
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later gives rise to a sterile 
stalk cell and a large body 
cell (Fig. 946). The lat- 
ter produces spermatozoids 
(Fig. 946). These are large 
flagellated structures which 
have the ability to swim 
(Fig. 948). The pollen tube 
approaches the archegonium 
and discharges the sperma- 
tozoids, one of which enters 
the archegonium and fuses 
with the egg cell. 

The flagellated sperma- 
tozoids in a highly devel- 
of)ed land plant show the 


Fic. 947. Bowenia 

Section of upper portion of ovule ahowiiiK 
integument surrounding nucellus. In the 
upper part of the nucellus there is a cavi- 
ty, the pollen chamber. Pollen grains are 
seen germinating in the pollen chamber. 
(After Lawsciii) 



Fic. 948. Spermatozoid of Zamia floridana 

Left, side view (x 125); right, apex of 
spiral. (After Webber) 

embryo down into the prothallus. In 
forms a conspicuous structure at the 


survival of a character ac- 
quired by aquatic ancestors. 

Seed. The fertilized egg 
develops and produces an 
embryo which remains em- 
bedded in the prothallus 
(Figs. 933, 949). The fer- 
tilized egg undergoes a long 
period of free nuclear divi- 
sion similar to that of the 
prothallus. In this w^ay a 
proembryo is formed (Fig. 
950). A conspicuous mass 
of cells is formed at the base 
of the proembryo. The 
lower of these become the 
embryo, while those above 
differentiate into a suspen- 
sor. The latter elongates 
very greatly and carries the 
mature seeds the suspensor 
base of the embryo (Figs. 
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933, 949). The embryo in most genera o£ cycads has two large 
cotyledons. 

After the embryo reaches a certain size the seed is mature. In 
the mature seed the embryo is surrounded by the prothallus, and 




Fig. 949. Longitudinal section of seed of Zamia 

A , female prothallus with t wo arohegonia, enclosed in a nucellus, and this within 
the integument; £1, older stage in which the nucellus has largely disappeared; 
C, early stage in the development of the embryo (note the long coiled struc- 
ture, susixmsor, which pushes the embryo into the prothallus); Z), mature 
seed consisting of embryo surrounded by prothallus and this by the seed coat 
formed from the integument. The seed coat consists of three layers, a thin 
fleshy inner Layer, a thick atony layer, and a still thicker fleshy outer layer. (X 1 J) 


the prothallus is surrounded by the integument, the nucellus having 
largely disappeared (Figs. 933, 949). The prothallus contains a 
very considerable supply of stored food. During germination the 
embryo lives on this supply of stored food until it has developed 
suflSciently to be independent. 




Fig. 950. Zamia floridana 


Left, free-nuclear stage; center, formation of tissue at base of proembryo; 
right, suspensor has l)egun to elongate. (After Coultier and ChamWlain) 


sporophytic generation is heterosporous. The spores give rise to the 
gametophytes. The female gametophyte is a prothailus that is 
developed within the ov\ile, while the male gametophyte develops 
from a pollen grain. Just as in ferns, the number of chromosomes 
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is reduced when a spore mother cell divides to form a tetrad of 
spores. Therefore the spores and the gametophytes produced by 
them are haploid, while the diploid number of chromosomes is re- 
stored when a sperm nucleus fuses with the egg nucleus. This dip- 
loid number persists throughout the life of the sporophyte and is 
reduced again when a spore mother cell divides to form four spores. 

In the cycads the prothallus, or female gametophyte, is re- 
tained permanently within the sporophyte, and even the young 



Fic. 951. Cross section of a portion of a leaf of Cycos, showing midrib and 
portion of thin part of blade. ( X 50) 

sporophyte begins its development under the protection of the 
previous sporophytic generation. Thus the gametophyte, which 
in the liverworts is the dominant phase and in the ferns is an in- 
dependent plant, is reduced in the cycads to a condition in which 
it is parasitic on the sporophyte. On the other hand, the sporo- 
phyte is much more highly specialized in the cycads than in any 
of the pteridophytes. 

Order Cycadofilicales ( Pteridosperms, or Seed-Ferns) 

General characteristics. This extinct order of plants appeared 
first in the Devonian period, and became very prominent in both 
species and individuals during Carboniferous times. Some re- 



Fic. 953. Portion of leaf of LyginopterU oldhamia 
After Schimper 
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sembled modern tree ferns (Fig. 952) and had moderately tall stems 
with occasional branches; but many, and probably most, were 
much smaller. The leaves are so similar to fern-fronds that for a 
long time they were regarded as such (Fig. 963), and it was only 
when it was found that seeds were attached to them (Fig. 954) that 
the Cycadofdicales were separated from the ferns and regarded as 
tlie most primitive order of the gym- 
nospcrms. 

Stems of Cycadofilicales. The 
structure of the stem varied con- 
siderably in different genera. In one 
of the best-known there was a solid 
stele (protostele) consisting of solid 
xylem surrounded by phloem, a con- 
dition characteristic of many primi- 
tive pteridophytes, including some 
ferns. However, as in other Cycado- 
fih' rales f a cambium is found between 
the xylem and the phloem, and this 
gave rise to a considerable devel- 
opment of secondary tissues in the 
same way that secondary thickening 
takes place in higher plants. 

One type of stem has a rather 
modern structure (Fig. 955). There 
is a central pith surrounded by a 
ring of vascular bundles which are 
separated from each other by pith 
rays. In the bundles the xylem was 
toward the center and the phloem toward the exterior (Fig. 956), 
as in modem plants, while between the xylem and phloem was a 
cambium which gave rise to secondary thickening in the usual 
manner. These stems resemble cycads in containing much soft 
tissue and in having a wide central pith. Microscopic details 
emphasize this similarity and show that while some of the stems 
with a central pith in Cycadofilicales were more primitive than 
those of the cycads, there were intermediate forms which led up 
to a typical cycad structure. 



Fig. 954. Sphenopteris tenuis, 
one of the Cycadofilicales 

Portion of leaf with seed. 

(X i). After Halle 



ondary thickening. Below, 
secon^ry xylem; next, the 
cambium followed by second- 
ary phloem, and then the pri- 
mary phloem, (x 36). After 
Williamson and ^tt 


Fig. 957. Mystroemia pectiformis * 

Left, portion of frond with seed (x }), 
Upper right, a small portion of plant 
with pollen sacs. Lower right, seed. 
(After Halle) 
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It was characteristic of a very large group of Cycadofilicdles that the 
stem had several steles, each with well-developed secondary thickening. 

Reproduction of Cycadofilicales. On the fronds of Cycadofilir 
cales are found two kinds of reproductive structures ; pollen sacs 
(F'ig. 957) and seed. 


Fig. 958. Lagenostoma sinclairi 

Small jKirtion of frond with seeds within sterile coverings, the cupules. (Left, 

X I ; right, X 2) 

The pollen sacs were borne in groups on the fronds, and re- 
sembled the sporangia of some ferns (Fig. 957). The pollen sacs, or 
sporangia, and the spores they con- 
tained are indeed so like those of 
ferns as to leave no doubt that 
they were derived from fernlike 
sporangia and spores. However, as 
the development of the spores re- 
sulted in the fertilization of the 
seed, it is logical to call the spo- 
rangia "pollen sacs'' and the spores 
"pollen grains." 

The seeds were also borne on the 
fronds, on leaflets or replacing them, 
and were similar in structure to 
those of the cycads. In many cases the seeds were surrounded 
by a separate loose covering (Figs. 958, 959). In the seed was a 
nucellus (sporangium) enclosing a large prothallus (Fig. 960) w'hich, 
presumably, was derived front a single spore as in the cycads. 



Fic. 959. Seed of Lyginopteris 
oldhamia surrounded by cupule 

Note the glands on the cupule. 
(After Oliver and Scott) 
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Archegonia are found at the apical end of the prothallus (Fig. 961), 
which is the usual position in gymnosperms. Around the nucellus 

was an integument which was free from 
the nucellus in some species (Fig. 
961), while in others it resembled 
that of the cycads in being free from 
the nucellus only 
at the tip (Fig. 

960). A micro- 
pyle, or opening, 
extended through 
the tip of the 
integument ; and 
through this the 
pollen grains en- 
tered the seed. 

Embryos are 
not found in the 
seeds in the Cycor 
dofilicales, nor in 
Paleozoic seeds in 
general. It seems 
probable that the embryos did not develop 
until the seeds were shed and ready to ger- 
minate. This indicates a primitive condition, 
because in all living seed plants there is an 
embryo embedded within the seed. 

In the apical end of the nucellus was a 
cavity known as the pollen chamber (Figs. 

961, 962). This varied in form in different 
genera. Pollen chambers are also found in 
living cycads (Fig. 947). The pollen grains 
lodged in the pollen chamber and, apparently, 
increased in size (Fig. 962). In these pollen 
chambers there have been found pollen grains 
containing a number of cells separated from each other by distinct 
walls, indicating the formation of an antheridium in the pollen 
grain, as is the case in the microspores of heterosporous pterido* 


Fig. 960. Longitudinal sec- 
tion through seed and cu- 
pule of Lyginopteris old- 
hamia 

i, integument ; n, nucellus ; 
Pf prothallus ; c, cupule 



Fic. 961. Longitudi- 
nal section of seed 
of Stephanosper- 
mum akenioides 

In the center is a 
large prothallus with 
two archegonia at 
its apex. Above the 
archegonia the large 
pollen chaml)er in 
the nucellus is seen. 
The integument is 
composed of two lay- 
ers; it is separate 
from the nucellus 
clear to the base of 
the seed' 
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phytes. Even bodies 
which may have been 
spermatozoids have been 
found in some pollen 
grains. Altogether it 
seems probable that the 
Cycadofilicales had mo- 
tile spermatozoids, as 
do cycads and Ginkgo^ 
Fic. 962. Tip of the integument and nucellus but that these did not 
of Lyginopteris oldhamia develop in pollen tubcs 

t, integument ; «, space between integument but in antheridia W'ithin 
and nucellus; n, nucellus; pc, pollen chamber; Spores or pollen 

pg, pollen grain ; c, column of micellar tissue . , * u i. 

proj(‘cting into pollen chamber. (After Oliver) grams, as in tne neter- 

osporous Pieridophyta, 
In this respect the Cycadofilicales were more primitive than any 
living seed plant. 

Lyginopteris oldha^ 
mia. The best-known 
of the Cycadofilicales is 
Lyginopteris oldhamia 
(Fig. 963), all parts of 
which have been thor- 
oughly studied. Lygi- 
nopteris was a fernlike 
plant with stems which 
reached a diameter of 
about four centimeters. 

The leaves were large, 
sometimes a meter or 
more in length. The 
stem was evidently erect, 
since the leaves were 
arranged spirally. The 
stem was so slender that 
it is doubtful if it was 

strong enough to sup- Lyginopteris oldhamia 

port the plant, so it is After Berry 
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presumed that Lyginopteris scrambled up through other vegetation 
which helped to support it. The stem had a rather wide pith 
surrounded by vascular bundles in which there was secondary 
thickening (Fig. 955). The whole arrangement, including the 
vascular bundles (Fig. 956), had a rather modern aspect. The 
seeds were surrounded by a loose sterile covering or cupule 
(Fig. 959). Stalked glands are found on the stems, leaves, and 
cupules (Fig. 959). The presence of these characteristic glands has 
been very convenient in enabling paleobota- 
nists to identify isolated parts of Lygmopieris 
oldhamia. In the center of the seed itself is 
a large prothallus (Fig. 960), which was sur- 
rounded by a nucellus, and this by a single 
integument. As in modern cycads, the nucel- 
lus and integument were fused except at the 
apex. The tip of the nucellus formed a pol- 
len chamber, which was ring-shap)ed in form 
owing to the presence of a central column of 
nucellar tissue which projected into the pollen 

Fic 964 Portion of extended out of the micropyle 

a frond of Lyginop- (Figs. 959, 960). The pollen sacs (Fig. 964) 
teris oldhamia were borne on leaves, and had a structure very 
Showing the manner similar to that of the synangia of some of the 
in which the pollen modern ferns belonging to the MarcUtiaceae. 
^^Vf^rLillerP^ Relationship of Cycadofilicales. As the 
Cycadofilicales are so fernlike in many re- 
spects, it was natural that at first they were regarded as ferns 
which had developed seed. However, as far as geological evidence 
goes they seem to have been as ancient as the ferns. Moreover, 
there are anatomical features by which paleobotanists believe 
that they can distinguish between the stems of ferns and of the 
Cycadofilicales even when the reproductive structures are not 
known. Thus, while the great similarity of the ferns and Cycado- 
fiUcales would seem to indicate that these two groups arc de- 
scended from the same stock, it may well be that the separation 
took place before the development of the combination of char- 
acters which we associate with ferns. If this was the case, the great 
similarity between the fronds of ferns and those of CycadoJUkales 
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was due to the development of two related groups along parallel 
lines. That this may have been so is indicated by the fact that the 
fronds of the oldest known Cycadofilicales did not have expanded 
blades, so typical of later Cycadofilicales and ferns, but were com- 
posed of branched rachises with practically no lamina. A similar 
absence of lamina was characteristic of the earliest ferns. 

The Cycadofilicales occupy much the same position among gym- 
nosperms that the Psilophytales do in the pteridophytes. They are 
known further back in geological time than any other gymno- 
sperms, and their remains give us our best idea of a generalized 
group from which other orders of gymnosperms appear to be 
descended. 

Origin of the seed habit. It appears to be evident that an ovule 
is a transformed sporangium, and that seed originated through the 
germination of a spore and the development of a prothallus within 
the sporangium. In the simplest of the living seed plants the spore 
is one of a tetrad, and presumably this was true of the seeds of the 
Cycadofilicales. 

There are two theories as to the manner in which a sj)orangium became 
transformed into an o\nile. Until recently it was ver>' generally held that 
the o^"ule is a modified mcgasiwrangium and that the spore which produces 
the female prothallus in the o^'uIe is a megasiK)re. According to this theory 
the anc('stors of the Cycadofilicales went through a heterosporous stage 
somewhat like that of Selagitidla ; s|x?cialization went further, however, 
and only one megaspore in a tetrad develo|)ed. This condition is found in 
some of the ancient lycopods and also in modern water ferns. The ger- 
mination of a single functional megaspore in a modified megasporangium 
resulted in the ovule. 

In favor of the idea that seeds resulted from a further development of 
such hcteros|x)ry as we see in the Pteridophyta are the facts that heter- 
os|X)ry dcveloj)ed inde|>endently in Equiseiineae^ Lycopodiimae, and Fi7i- 
cineae ; that the jK^llen grains of the Cycadofilicales apj)ear to have ger- 
minated in much the same w'ay as microspores of the Pteridophyta ; and 
that in some of the Palei^zoic lycopods megasporangia developed into seed- 
like structures. The strength of this argument lies in the fact that it shows 
a method by which seedlike structures w^ere actually produced in the past. 
Its w'eakness is that it is based on analogy with what happened in other 
groups, and not on a consideration of what occurred in the ancestry of 
seed plants. 

The failure to find large and small spores in the ancestry of the seed 
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plants or in the seed plants themselves led to the other theory, according 
to which the seed habit originated through the germination of homospo- 
rous spores within the sjx)rangium, and the ancestors of seed plants had 
neither megasporangia and micros|)orangia nor megasiK)res and micro- 
spores. At first many spores started to germinate in a sporangium, in 
much the same waj” as do ordinary fern spores. Gradually, through si)ecial- 
ization, the numl)er of spores in certain sporangia was reduced, and the 
type of prothallus changed. Finally only one spore germinated in the 
o\nile, and this j)n)duced a large ovoid prothallus. Such a course of events 
would really have been ver\" similar to the specialization of megasixjres. 
Instead of the spores' Ix'coming larger and storing more food as they be- 
came fewer, the proto|)la.st would, as the spores became fewer, have 
divided to form a ma.ss nf cells in which the food was stored. It is largely 
a question of whether the protoplast of the spore divided after the stor- 
age of food as in Selaginella, or lx‘fore or during the pn)cess as in living 
g}nnnos|x?rnis. 

Ideas a.s to the development of pollen grains are the same in both 
theories. They went through much the same course of evolution as the 
micros|X)res and male prothalli of the hcteros|)orous Ptervlopfiyta, 

There are a numlx'r of points advanced in favor of tlie view that the 
ovule is a modification of a sjKjrangium which produced ordinary-sized 
spores and not megaspores. In some modern homosporous ferns there is a 
tendency for the germination of the spores to begin in the s|K>rangium, and 
germinating sjKires have been found in the s|)orangia of very ancient ferns. 
Living .seed f)lants do not have rnegas|)ores and microsj;)ores in the sense 
that they are large megasjx)res and small micros{K>res. The "micro- 
spores" are larger than the "megaspores" about as often as they are 
smaller. The seed plants seem to he clearly descended from the same com- 
mon stock as the ferns, and in this stock heterospory is known only in the 
small, highly specialized, and comparatively recent group of water ferns. 
On the other hand, heterospory was well developed in Carboniferous 
Equiaetineae, and the Carboniferous lycopods were predominantly heter- 
osporous. If seeds are the development of heterospory, it is strange that 
they evolved in a predominantly homosporous line, and not in the lyco- 
pods, where hetero8jx)ry was the rule. 

There appear to be fundamental differences other than size between 
typical megaspores and the spores which produce prothalli in the ovules of 
se^ plants. The true megaspore, such as that of Selaginella^ is densely 
pack^ with reserve food and is surrounded by a thick wall which prevents 
any great increase in size or further absorption of food from the sporangium. 
Neither of these specialized features is found in the spores of ovules ; here 
the spore wall remains relatively thin, and, instead of the spore’s being 
paek^ with food, food continues to be absorbed during the germination 
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of the spore and the growth of the prothallus. To assume that the mega- 
spore of seed plants went through an evolutionary stage in which it re- 
sembled that of Selaginella requires the assumption of the reversal of the 
direction of evolution and the loss of the highly specialized characteristics 
of a true megaspore. 'Iln this connection there is a possibility that the de- 
velopment of the seed habit and that of megaspores are the results of two 
separate lines of evolution, and that the elaboration of the megaspore was 
not only not a step toward the production of seed but a specialization 
which rendered such an end very unlikely. 

Unfortunately we do not know the actual history of the transformation 
of sporangia into the seeds of the order CycadofilicaleSf and so both of the 
above views rest on circumstantial evidence. 

Advantage of seed habit. The process by which food is stored 
in seed, even in the simplest living seed plants, affords a great ad- 
vantage over the storage of food in megaspores. In the formation 
of a seed, food is not stored until after pollination ; not, therefore, 
until there is reasonable certainty of fertilization. On the other 
hand, there is no such relation in the case of storage of food in mega- 
spores, and so here there would seem to be much waste of food ma- 
terial. The possession of seed enables the Spermatophyta to store 
more food in each of a smaller number of reproductive structures 
than is the case in the Pteridophyta with megaspores. The result 
is that the young seed plant gets a better start. 

Order Cycadales 

General characteristics. The living cycads are a small group 
containing nine genera and less than a hundred species. They 
form a very homogeneous group, and all belong to a single family, 
the Cycadaceae. The cycads made their appearance tow-ard the 
close of the Paleozoic and were ar dominant group during the 
Mesozoic. During the latter period they were much more diver- 
sified than at present, and were represented by several important 
and very distinct types which disappeared before the close of the 
Mesozoic. Most of the Mesozoic cycads were so different from 
their living relatives, and show^ed such diversity among themselves, 
that authorities usually place them in one or more separate orders. 
It will be convenient here to regard all cycads, both extinct and 
living, as belonging to one order, the Cycadedes. 
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Origin of living cycads. In almost all cases in which a fertile 
shoot (strobilus), corresponding to the cone of living cycads, can 



Fig. 965. Cycadospadix mille- 
ryensis^ a Permian fructifica- 
tion suggestive of cycads 


with any probability be aissigned to 
a Mesozoic cycadophyte, the arrange- 
ment is very different from that of 
modern forms, and simulates a flower, 
sometimes very closely. It is gener- 
ally believed that modern forms be- 
long to an ancient race which may 
have originated in the Paleozoic, and 
there is some geological evidence for 
this view (Fig. 965). However, the 
belief is based more on their ap- 
parently simple structure and the 
difficulty of deriving them from the 
common Mesozoic tyjx's than on any 
direct geological evidence. Their an- 
cestors must have been relatively 
rare in the Mesozoic. 

It seems certain that the cycads 
were derived from the CycadofilicaleSy 
because the Cycadofilicales preceded 
them in time and because the struc- 
ture of the Cycadofilicales grades into 
that of the Cycadales. We have al- 
ready noted that the stem structure 
of some of the Cycadofilicales is very 
similar to that in the cycads. The 
leaflets of some of the cycads are 
rolled up circinately when young (Fig. 


This specimen was found in 
beds which contained cycad- 
like leaves and a type of stem 
that shows features interme- 
diate between the general run 
of Cycadofilicales and cycads. 
It may perhaps represent the 
fructification of a plant which 
is on the boundaiy line be- 
tween seed-ferns and cycads 


966), just as in ferns (Figs. 822, 828). 
In both groups there is dichotomous 
branching of parallel veins. The ovu- 
late sporophylls of Cycas are very 
evidently modified leaves, and, as has 
been already noted, there are various 
gradations between such sporophylls 
and those which are densely packed 
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in cones and bear little resemblance to ordinary leaves. Except 
for the presence of embryos in the seeds of cycads, the seeds are 
remarkably like those of 
the Cycadofilicales. 

Origin of pollen tubes. 

The Cycadales are the 
most primitive of all 
known plants in which 
the male gametophyte 
develops a pollen tube. 

In the cycads the devel- 
opment of the female 
prothallus stops at a very 
early stage if pollination 
does not take place. Af- 
ter pollination there is a 
very long period during 
which the female pro- 
thallus develops. The 
male garnet ophyte un- 
dergoes a similar long 
period of development. 

In its early stages it 
sends out a tube which 
enters the tissue of the 
nucellus and serves as 
an absorbing haustorium 
(Figs. 947, 943). In the 
Cycadofilicales the pollen grains seem to have increased in size 
while within the pollen chamber, and they may have absorbed 
food from the nucellus. It seems not improbable, therefore, that 
the development of pollen tubes may have been initiated as haus- 
toria for the more efficient absorption of food material. 

Fossil Cycads 

General characteristics. Among the most numerous plants 
from the Triassic to the lower Cretaceous w^ere the cycadophytes. 
None of them were of great size. Perhaps none were as large as 



Fig. 966. Young leaves of a Cycas showing 
roiled leaflets 
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the tallest of living cycads. The stems of some of the Mesozoic 
cycadophytes resembled the enlarged ones of modern cycads, but 
slender branching stems were much more common. 

Cycadeoidea. The best known of the Mesozoic cycadophytes 
belonged to the genus Cycadeoidea (Fig. 967). The stems and leaves 
of these were very similar to those of some of the recent cycads. 



Fic. 967. Cycadeoidea 
Note the strobili on the lar^e stem 


The strobili (fertile branches) were, however, very different ; when 
expanded they must have had a very flowerlike appearance. They 
were borne in large numbers on the side of the stem (Fig. 967), 
and not at the tip as in modern cycads. On the lower part of the 
fertile branch were spirally arranged bracts (Fig. 968). Just be- 
yond these was a whorl of large pinnate stamens with their bases 
united into a disk (Figs. 968, 969). Beyond these and terminating 
the branch was a cone, bearing ovules (Fig. 968). In comparing 
this fertile branch with an angiospermous flower, it will be seen 




Fic. 972. W'^illiamsonia gigas 

Center, a plant with two female strobili; lower left, staminate strobilus; 
lower right, ovulate strobilus. (After Williamson and Thomas) 



Fig. 973. W illUansonieUa coronoXa^ a Mesosoic cycad, with leaves and strobili 

After Thomas 
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seminal scales). These were slender pedicels with enlarged tips which 
spread over the o\'ules and enclosed them except that the micropyles pro- 
jected from l)etween tlie scalcvS 970). The seed of Cycadeouiea was 
practically filled l)y a large embryo with two cotyledons (Fig. 971). 

The pollen grains were produced in synangia. A synangium is a group 
of fused sporangia. In Cycadeoidea the .synangium consisted of two rows of 
fused sporangia all surnnuided by a layer of thick-walled cells. The .synan- 
gia wete borne on a pinna in two rows, each synangium being attached by a 
stalk. The structures wliich at first glance might be taken for sporangia 
m figu.'es 968, 969, are really synangia. 



FiC. 974. Wielandiella angustifolia, a Mesozoic cycail, with leaves and strobili 
, After Nathorsl 


Williamsoma. The most important group of Mesozoic cycado- 
phytes is represented by the genus Williammnia (Fig. 972). This 
genus had leaves resembling those of Cycadeoidea and modem 
cycads ; but the steirLs, in contrast to the greatly enlarged ones of 
the latter types, were slender, often no more than one to five centi- 
meters in diameter, and frequently they were branched. 

In many and possibly all species the seed and stamens were borne 
separately. The female cone was similar to that of Cycadeoidea. It was 
surrounded by sterile bracts which gave the whole structure the appear- 
ance of an artichoke. This was borne at the end of an elongated scaly 
stalk. In the male ” flower" the stamens were in a whorl, without, as far as 



SpermcUophyta 787 

is known, any covering of bracts. The bases of the stamens were united 
as in Cycadeoidea, 

Williamsoniella. The genus W illiammniella had slender branch- 
ing sterns about two centimeters in diameter, and simple leaves 
(Fig. 973). In a related genus the leaves were pinnately divided 
(Fig. 974). The strobilus or flower’' was borne on a stalk, and 
consisted of an ovuliferous cone surrounded 
by a w horl of st amens (Fig. 975). The stamen 
was simple, with a prominent ridge on the 
upper surface ; on each side of the ridge were 
three synangia. The ovuliferous cone was 
similar to that of Cycadeoidca. 

In the best-known species, l)ut apparently not 
in all, the axis of the ovuliferous cone w’as pro- 
longed into a sterile tij), while the ovules were 
sessile and not stalked as in Cycadeoidea, 

Order Cordaitales 

General characteristics. The Cordaitaks 
are an order of gymnospormous trees w hich 
were very abundant in Carboniferous times 
and almost entirely" disap^x^ared before the 
close of the Permian. They were tall, slender 
trees, with branching crowns and clear un- 
branched trunks ten, twenty, or thirty meters 
in length (Fig. 97G). Some characteristic 
species had long, narrow leaves reaching lengths, in different spe- 
cies, of from thirty centimeters to a meter (Figs. 977, 978). Others 
had smaller leaves, more like those of large-leaved species of the 
modern coniferous genus Agathis (Fig. 992). The long-leaved 
species had what to us would be a most unusual appearance, 
something like a tree yucca on an elongated trunk. The smaller- 
leaved kinds must have looked rather modern as compared 
with the giant lycopods and calamites of their time. The leaves 
had numerous parallel veins which ran lengthwise and in most 
cases repeatedly forked dichotomously. 



Fic. 975. Longitudi- 
nal section of strobi- 
lus of W' Hliam$oniella 
coronata 

Showing ovulate cone 
aurroundeii by stami- 
nate sporophylls. Also 
staminate sporophyll 
as seen in section and 
from the side 




Fic. 976. Varioas species of 
Cordaitales 

After Grand* Eury 


Fig. 977. End of a branch of CordaUes 
with strobili and a young branch 

After Grand* Eury 


four, or more long vertical sporangia, or imllen sacs. Among all 
known plants the stamens of the Cordaitales show the greatest 
resemblance to those of Ginkgo. The female cones were similar to 
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the male. Most of the scales were sterile, while ovules were home 
singly on stalks in the axils of some (Fig. 981). 

Seed. The seed were like those of the seed-fems (Fig. 982). 



Fic. 978. Cross seolion of a leaf of Cordaites 
After Renault 



Fic. 979. Cross section of a young stem of Cordaites 

Note extensive development of secondary xylem. Around the xylem is a 
poorly preserved region in Which the phloem is situated. Exterior to this is 
the cortex. Note tissue formed by activity of the phellogen layer near the 

periphery of the stem 

The nucellus was surrounded by an integument, and contained 
a large prothallus which produced archegonia at its apical end. At 
the apex of the nucellus is a pollen chamber in which pollen grains 
are found. As in seed-fems, the pollen grain contained a multi- 
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cellular structure (Fig. 983), perhaps an antheridiura, and grew 
while within the pollen chamber. 




Fic. 980. Stamens of Cordaiiales 

Left, section through staininate stnthilus (x (0. Right, section through three 

stamens (x 20) 

Aflbiities of Cordaitales, The stems of typical Cordaitales are 
more like those of conifers than like typical seed-ferns. However, 

there is a very complete series of inter- 
mediate forms which lead from seed- 
ferns to the CordaitaleSy thus indicating 
a relationship between the two. groups. 
This relationship is emphasized by the 
facts that the seeds of the two groups 
agree very closely in structure and that 
Fic. 981. Seed of the development of the pollen grains is 
Cordaitales similar. The seed-ferns are more ancient 

After Sapfirta geologically than the Cordaitales. 

In regard to the differences in the 
external form of the leaves, it must be remembered that this may 
be a variable feature in a single group of plants, as is seen in 
modem ferns and flowering plants. That the same may have 
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been true of seed-ferns is indicated by certain large coarse entire 
leaves which were abundant in the late Paleozoic, and which 
are believed by most palcobotanists to have been the foliage of 
seed-ferns. 


Altogether, the evidence is not inconsistent with the belief 

that the Cordaitales were de- 




Fig. 982. Longitudinal section of ovule 
of Cordaitales 

it integument ; w, micrupyle ; 7>r, {xdlen 
chaml^er; w, nucollus; u, arrhegonia; 
Pt pfothallus. (After Ilenault) 


scended from seed-fern stock, 
•but that they branched off 
at an early date. 

On the other hand, the 



Fig. 9811. Pollen grains of 
C€yrdaitales 

Left, section of a micn)pyle show- 
ing pollen grains; right, ixdlen 
grain showing cellular structure. 
(After Ilenault) 


great similarity in the wood, leaves, and reproduction of the 
Cordaitales and the Ginkgoalcs leaves little doubt that the latter 
are descended from the former. 

Likewise, among the conifers and in the Cordaitales we find the 
same general habit; the same type of wood; striking similarity 
in leaf structure ; and methods of reproduction which have much 
in common, particularly in the structure of the seed. The facts are 
consistent with the widely accepted view that the conifers are of 
cordaitalian stock. 
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Fig. 984 . Ginkgo biloba 


This is the tree in which Hirase discovered 
the spermatozoids of Ginkgo, the first sper- 
matozoids ever seen in seed plants, (Phott>- 
graph by Dr, H. H. Bartlett) 


Order Ginkgoales 

General characteristics. 

The order Ginkgoales is 
represented in our present 
flora by the single species 
Ginkgo biloba (Fig. 984). 
In the Mesozoic there were 
several species. In that 
era Ginkgo and a genus 
with divided leaves, Baiera 
(Fig. 985), were very com- 
mon and widespread and 
were a dominant element 
in the flora. Ginkgo is a 
fair-sized or large tree, and 
as far as is known the Gink- 
goales of the Mesozoic were 
also trees. They were prob- 
ably the most numerous 
trees of the period. 

The leaves of Ginkgo 
biloba are fan-shaped and 
are ver>" often two-lobed. 
The veins are parallel 
and branch dichotomously. 


thus recalling those of ferns or the Cycadofilicales. In shape and 


general appearance the leaf, except for being larger and coarser, 


is very similar to that 
of the maidenhair fern, 
from which resemblance 
Ginkgo gets its name of 
maidenhair tree. 

Ginkgo is almost un- 
known as a wild plant, 
and has been reported 



only by travelers in for- Leaves of Baeria munueriana and 

ested regions in western Baiera gracilUt Mesoioic Ginkgoalei 
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China. For a long time it has been cultivated in China and 
Japan. Ginkgo is now widely cultivated in temperate countries 

as an ornamental tree. It cer- 
tainly seems that Ginkgo would 
be nearing extinction had it not 
been preserved from that fate by 
cultivation. 

Reproduction. Ginkgo is dioe- 
cious, the stamens and ovules be- 
ing on separate plants. The stam- 
inate strobili are formed in groups 
at the ends of short branches 
(Fig. 986). Two or more pollen 
sacs are borne at the end of each 
stamen. The ovules are borne in 
pairs at the ends of slender stalks 
which occur in groups at the ends 
of .short branches (Fig. 987). The 
ovule is very similar to that of 
the cycads. As in the latter, there is a nucellus surrounded by 
a single integument (Fig. 

988). The prothallus is a 
large oval structure which 
develops within the nu- 
cellus, At the apex of the 
nucellus there are usually 
two an hegonia. The pol- 
len grain germinates to 
give rise to a pollen tube 
as in the cycads ; and in 
the end of the tube there 
are produced two motile 
spermatozoids similar to 
those of the cycads. The 
seed of Ginkgo^ including 
the gametophytes, is thus 
seen to be very similar in its anatomy and physiolog}'^ to those of 
the cycads (Fig. 989). 



Fig. 987. Ginkgo hiloha 

End of branch bearing young leaves and 
young ovules, (x §) 



Fig. 936. Branch of Ginkgo bear- 
ing strobili of male sporopliylis. 
( X 3) 
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The chief interest in Ginkgo^ perhaps, lies in its motile sperma- 
tozoids. In general habit and anatomy Ginkgo is very much like a 
conifer. In conifers fertilization is due to male nuclei, as in angio- 
sperms, and not to spermatozoids. In Ginkgo the sperrnatozoids 
are carried by the pollen 
tube to an archegonium. 

The presence of flagella on 
the spermatozoids in such 
a pronounced land plant 
can be interpreted only as 
a survival of structures 
which originated in aquatic 
ancestors of Ginkgo and 
w^ere still useful in less 
distant ancestors when the 
spermatozoid had to swim 
from an antheridium to 
an archegonium. 

Relationship of Gink- 
goales. The Ginkgoales 
appear to be descended 
from the Corduitales. The 
general anatomy and ve- 
nation of the leaves of 
Ginkgo recall those of the 
Cordaitalcs, In various re- 
spects Ginkgo is intermedi- 
ate betw^een the Cordaitalcs 
and the Coniferales. The 
staminat c st robili of Gi nkgo 
are similar to those of the 
Cordaitalcs except that those of Ginkgo lack the large sterile 
bracts found in the strobili of the Cordaitalcs. The general char- 
acter of the seed in all three groups is similar. It is probable 
that in the Cordaitalcs an antheridium developed inside the pollen 
grain and that spermatozoids were formed in the antheridium. In 
Ginkgo fertilization is still effected by spermatozoids, but these are 
produced in pollen tubes. In the Coniferales there are pollen tubes, 



l*hM«*pr«ph by Dr. Willimn S. Cooper 


Fic. 990. Three-liunilred-foot redwood, 
Humboldt County, California 
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but in these spermatozoids have given way to male nuclei as in 
angiosperms. The stems have a small pith like the conifers and not 
a wide one as in the Cordaitales. 

Order Conifer ales 

The conifers are woody plants ranging in size from shrubs to 
the giant Sequoia of California (Fig. 990). Many of them contain 
numerous resin canals (Fig. 135). 

Leaves. The leaves are xerophytic (Fig. 991), are usually 
small, and in many species are needlelike or scalelike. In a few 



Fic. 991. Cross section of leaf of pine (Pinus insularis) 


genera the lamina is rather broad (Fig. 992). The leaves usually 
remain on the plant for several years, being deciduous in only three 
genera. 

Stem structure. The arrangement of the vascular bundles and 
of the secondary thickening of the conifers is very similar to that 
of dicotyledonous angiosperms. There is a small pith surrounded 
by a wide woody cylinder. The structure of the wood differs from 


Fic. 992. Agathis alb<L, the source of Manila copal 
Lower left, female cone; lower right, small branch with male cones (X §) 
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that of dicotyledons in that it contains only tracheids and wood 
parenchyma and lacks vessels and wood fibers (Fig. 146). The 


tracheids serve both for water 



Fic. 993. Mature sect! of Torreya 
tcucifolia 

The fleshy covering which makes 


conduction and as strengthening 
elements. Owing to the absence 
of vessels and wood fibers the 
wood of the conifers is much 
more primitive than that of the 
flowering plants. The xcrophytic 
structure of the leaves is con- 
nected with the primitive nature 
of the wood and the large size of 
the plants, since tracheids are 
not as well fitted for conducting 
large quantities of water as are 
vessels. 



Fic. 994. Torreya taxifolia 


it look like a plum is formed by Longitudinal section of an ovulate strob- 

the outer part of the outer in- ilus showing bracts, integuments, and 

tegument, (x J). After Coulter nucellus with 8f)ore mother cell, (x 20). 

and Land After Coulter and Land 


Sporangia. The pollen sacs are borne in small cones. In the 
majority of genera the ovules arc also in distinct cones, and the seed 
when ripe is dry. In some genera the cone is so greatly reduced as 
not to have the appearance of a cone, and produces only a single 
ovule, and in this case the seed is more or less surrounded by a 
fleshy covering (Figs, 993, 994). 
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Pine. The genus Pinus, the pines (Fig. 995), are such widely 
distributed, well-known, and typical conifers that they may be 
taken as a good example of the order Coyiiferales, 

Vegetative structure. The crown has a conical form, owing to 
the fact that both the central stem and the branches have an 



Fig. 995. Pinus insularis forming an open forest in the mountain region of 
Luzon, in the Philippine Islands 


excurrent form of growth. The branches are of two kinds, long 
branches and short branches with limited growth. The only leaves 
on the long branches are scale leaves, a feature not characteristic of 
all conifers. The short branches arise in the axils of the scale 
leaves and bear needle-shaped green leaves, singly or in clusters 
(Fig. 996). The short branches are deciduous, being shed with the 
leaves (Fig. 996). 





Fic. 996. Pine iPinus insularis) 

Center, a branch bearing cones of three clifTerent years ; the small ones at the 
tip have recently been pollinated, the next in age is about a year old, while the 
oldest has open^ to shed its seeds (x ^). Upper left, a cone at the age of pol- 
lination ; note that the sporophylls arc separated so that the pollen can enter 
between them (x 3^). Lower right, young scale, first as seen from below,* 
showing bract, and then as seen from above, showing two ovules (X 6) 
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Ovule and female prothallus. The ovules are produced in cones 
(Fig. 99d). The cones terminate special short branches. Each 
ovule-bearing component of the cone consists of a bract and above 
this an ovuliferous scale with two ovules (Fig. 996). This com- 
pound structure does not seem to be a simple sporophyll, but there 



Fig. 997. Longitudinal section of ovule of pine 

The ovule consists of the nucellus surroundetl by an integument. The nucellus 
is fr(H3 from the integument only near the apex ; within the nucellus is the spore 
mother cell, the contents of which are shaiknl. In the opening (micropyle) 
there arc two [x»llcn grains containing male prt>thalli. (X 100) 

is great difference of opinion as to its morphological nature. The 
ovuliterous scales are the conspicuous scales in the mature cone. 
The ovules occur near the base of the ovuliferous scale, and are 
directed toward the central axis of the cone. 

The ovule resembles that of the cycads in that it consists of a 
nucellus surrounded by a single integument (Fig. 997). A spore 
mother cell is formed within the nucellus and divides to form a row 
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of four spores (Fig. 998). The three apical spores degenerate, 
while the basal one germinates (Fig. 998) and produces a female 
prothallus (Fig. 999) which, as in all of the spermatophytcs, re- 
mains permanently enclosed within the ovule. The female pro- 
thallus is a white oval mass, at the apical end of which archegonia 
are produced. A mature archegoniuin consists of a large egg cell 
and the neck cells (Figs. 1000, 1001). At one stage there is an 



Fig. 998. Gynospores iniegaspore^) of pine 

Left, row of four meguspores of pine; the busal oth* will give rise to the female 
prothallus. Right, three apical megaa|)ores are diaorganizing, while the b;iaiil 
one has enlarge<l considerably, (.\fter Ferguson) 

evanescent ventral canal cell (Fig. 1002). A comparison of the 
cycads and of pine shows that the general structure of the ovules 
and female prothalli is very similar in the two cases. 

As in the cycad, the first divisions of tlie spore nucleus are not followed 
by wall formation, and fretj nuclear division results in a miml)cr of nuclei 
which lie free in the cytoplasm. Also as in the cycads, a large central 
vacuole apjiears and fireases the cytoplasm with its contained nuclei 
against the spore wall, where at first the cyt<i plasm forms a thin peripheral 
layer (Fig. 1003). Finally cell walls Imgin tf) form from the periphery of 
the prothallus, and this prr>cess extends inward until the whole prothallus 
becomes cellular. 



■y 

F|€. 999, Somewliat tliapramniatir 
longitudinal xM'tion of ovule of 
pine, containing a female prothal- 
lu8 with two ureliegonia 

m, inicropylo ; /, intogument ; 
nucellus; p, pollen tube; e, egg in 
archegonium ; /, feinnle protliMllns. 
(x 14) 



Fic. 1001, Development of archegontum of Pinus sirohus. ( X 115) 
After Ferguson 




Fic. 1000. Apex of female prothaL 
lus of pine, showing two arcliegonia. 
( X 75) 
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Pollen sacs. The pollen-bearing sporophylls are small and are 
borne in small cones (Fig. 1004). Each has two pollen sacs on its 
under surface. The male cones occur in clusters near the ends of 
the long branches, and, like the short branches, are produced in the 
axils of the scale leaves on the long branches (Fig. 1004). 

Pollination. The pollen grains are carried by the wind and de- 
posited in the micropyles of the ovules (Fig. 997). This process is 








Fic. 1002. Ventral canal ceU of Pinm strobus 

Left, above is seen the ventral canal cell 
beginning to disintegrate, and b€?l«w, the egg 
nucleus. Right, above are the remains of the 
ventral canal cell, and below, the enlarged 
egg nucleus. (After Ferguson) 



Fic. 1003. Protliallus of Pinus 
strobus in free-nuclear stage. 
(X 77) 

After Ferguson 


known as pollination. At the time of pollination the female cone 
stands erect and the scales are spread apart (Fig. 996), so that 
pollen grains can reach the ovules. After pollination the short 
stem bearing the female cone bends downward so that the cone 
hangs vertically, and in this position it remains during the re- 
mainder of its existence (Fig. 996). 

Male gametoph 3 rte and fertilization. The pollen grain (Fig. 
1005), before being shed, germinates, and a male gametophyte, or 
prothallus, is formed within the spore wall. This consists of four 
cells : a tube cell, a generative cell, and two evanescent prothallial 


Fig. 1004. Left, bruneli of Pinus insularis bearing male cones (X 1) ; right, 
longitudinal section through a male cone (X 5) 



Fic. 1005. Male gametophyte of pine 

Left, Bection of pollen grain of pine ; note the inflated wings which make the 
spore buoyant (x 390). Right, male prothallus within the wall of the micn)- 
8)x>re of pine ; above arertwo disorganising prothallial cells ; below these is the 
generative cell; and below and almost surrounding this is the large tube cell 

(X 530) 
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cells which begin to disorganize as soon as they are formed, so that 
only remnants of them appear in the pollen grain at the time of 
shedding. After reaching the micropyle the pollen grain sends out 
a pollen tube (Fig. 1006) which grows through the nucellus and 
enters the archegonium. During the growth of the pollen tube the 



Fic. 1006. Pollen tube of pine 

Below, near the apex, is the tube 
nucleus. Above, and still within 
the spore wall, are the stalk cell 
next to the spore wall and, ad- 
joining this, the body cell. (Re- 
drawn after Ferguson) 



Fic. 1007, Sen ion through two 
archego nia of J uni penis com* 
munis 

Into each a male coll is enter- 
ing from the tip of a pollen 
tube, pt. The male cell, to 
the right is cut lengthwise and 
shows plainly. Only a small 
slice of the male coll on the left 
is .se<*n in the section. (X 190). 

After Nichols 


tube nucleus migrates into the tube, and the generative cell 
divides to form two cells : a stalk cell (toward the degenerating 
protballial cells) and a body cell (Fig. 1006). Later the body cell 
becomes free and passes into the tube, where its nucleus divides to 
form two male nuclei. Fertilization results from the fusion of one 
of the male nuclei with an egg nucleus. The most striking differ* 
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ence between the sexual method of reproduction in the conifers and 
that in the cycads and Ginkgo is that in the conifers there are no 
flagellated sperrnatozoids. The presence of flagellated sperma- 
tozoids is a character, derived from aquatic ancestors, which has 
persisted throughout the divisions Bryophyta and Pteridophyta, 
and which among the Gymnospermae is still found in the Cycadales 
and GinkgOj but which has disappeared in the Coniferdles and 
in all the higher orders of the Sperma- 
tophyta, 

Seed. The fertilized egg germinates 
and produces an embryo which remains 
emb(Hldcd in the prothallus until the 
germination of the seed. The embryo is 
a cylindrical structure with a number of 
cotyledons. The integument forms the 
seed coat (P"ig. 1008). 

In j)ine, as in other conifers, the forma- 
tion of the em])ryo is a rather complicated 
process. The nucleus of the fertilized egg di- 
vides to form four nuclei without the forma- 
tion of cross walls (Fig. 1009). This is the 
beginning of the proembryo stage. The four 
nuclei migrate to the l>ase of the archegonium, 
where they divide to form four tiers of four 
cells each (Figs. 1009,1010). This completes 
the formation of the proenibr>"o. The upper- 
most tier is not separated by walls from tiie 
main cavity of the archegonium, and the nu- 
clei disintegrate. The four cells of the lowest 
tier form four embryos. The cells just above 
these afe known as suspensors (Fig. 1011 .4) ; 
these elongate greatly and push the embryo 
farther into the prothallus (Fig. 1011 B), This pushing of the embryo into 
the prothallus is preceded by digestion of the cells of the prothallus, a 
process which appears to be due to enzymes secreted by the embryos. 
Each embryo cell first forms a row of cells the lowest of which becomes 
the true embryo, while the others add to the length of the suspensor 
(Fig. 1011 JE?, (7). Finally one embryo grows more rapidly than the others 
and becomes the single embryo of the mature seed (Fig. 1011 C-K ) ; the 
other embryos degenerate (Fig. 1008). 



Fic. 1008 . Longitudinal 
section of pine seed 

This cemsists of the em- 
bryo siirromidcd by the 
femjilc prothallus and 
this in turn by the seed 
coat formed from the in- 
tegument. (X 5) 
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Alternation of generations. In the conifers the alternation o 
generations is very similar to that described for the cycads. The 

sporophyte is a large plant 
which produces ovules and 
^ pollen grains. A spore within 

O'"”'® rise to a fe- 

male gametophyte, or prothal- 
bearing archegonia, while 
the pollen grain produces a 
male gametophyte. The fer- 
tilization of the egg in the 
archegonium results in the 
Fic. 1009. Young proembryo of Pinus production of a sporophyte. 

strobus There is thus, as in the Bry- 

Left, four nuclei in the position in which ophyta and the Pieridophyta, 

to the base of the proembryo. (After alternation of a sporo- 

Ferguson) phytic and a gametophytic 

generation. As in bryophytes, 
pteridophytes, and cycads, the sporophyte is characterized by a 
double number of chromosomes, reduction taking place during 


Fic. 1009. Young proembryo of Pinus 
strobus 

Left, four nuclei in the position in which 
they are formed ; right, after migration 
to the base of the proembryo. (After 
Ferguson) 





Fig. 1010. Development of the proembryo of Pinus laricio 

Left, the four nuclei arc dividing to form two tiers of cells (only two of the 
spindles are shown in this picture) ; center, two tiers of cells have been formed 
and the nuclei of the lowest tier are dividing (only two of the four cells of each 
tier are shown) ; right, three tiers of cells have been formed and the nuclei of 
the lowest tier have already divided (only two of the four cells of each tier 
are shown), (x 215). After Kildahl 


the division of the spore mother cells. The gametophytes have 
the single number of chromosomes, the double number being 
restored at fertilization. 





Fig. 1011. Development of embryo of Pinus banksiana 

Af the suspensors (n) of the four-tiered stage have begun to elongate; the 
embryos are below the suspensors. By later stage in which the 8US|)ensors («) 
have elongated greatly, while the embryo has formed secondary suspensor 
cells. Cy still later stage showing further development of secondary suspensors, 
Dy further development of embryo ; the end of the original suspensor cell is 
shown at s ; most of the length of the secondary sust)ensor cells is omitted. 
Ey still later stage in development of embryo. F-Ky growth of embryo and 
formation of cotyledons. (Ay x 176; B-Ey X 45; F-Ky X 13). After Bucholtz 
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Relationship. The Coniferales appear to be descended from the 
Cordaitales, which either were derived from the Cycadofilicales or 
were closely related to them. As the Cycadofiliccdes gave rise to the 
Cycadedes, the Coniferales are related through t he Cycadofilicales to 



Fig. 1012. Gnetum gnemon 

Above, habit of plant with male strobili (X J). Lower left, male strobiliia en- 
larged (x 3). Above the stamens is a circle of ovules, which are usually in- 
fertile. Below the ovules is a row of stamens most of which have expanded 
through the ” perianths.” Below this row are numerous stamens enclosed in 
the ” perianths.” These will expand successively from above. Right, an ex- 
panded stamen the base of which is surrounded by the ’’perianth” (x 12) 

the Cycadedes. The Cycadales, as we have already seen, are much 
more primitive than the Coniferales. A diagrammatic represen- 
tation of the relationships of these orders is shown in Fig. 1037. 

Distribution. There is a striking difference between the dis- 
tribution of cycads and that of conifers. The former are tropical 
and subtropical, while the latter are found largely in temperate 
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zones. They are particularly characteristic of north-temperate 
regions, where they form valuable forests of great extent. Conifers 
are frequently numerous on tropical mountains, and in limited 
areas may be the dominant element of the flora there. 

Order Gnetales 

General characteristics. The order Gnetdes is composed of three 
very |xjculiar and very dissimilar genera: Gneturrif Ephedra^ and WeU 
inlHchm. The s|>ecies of 
Gneium are either small 
trees or woody vines found 
in the tropics (Figs. 1012, 

1013). Gneium has fair- 
sized opposite leaves with 
netted veins, and in gen- 
eral appearance is similar 
to a dicotyledonous plant. 

Species of Ephedra are 
small shrubby ])lants with 
opposite scalelike leaves, 
and in general ai)i)earance 
look something like a 
much-branched Equiseium 
(Fig. 1014). WehntachUi^ 
with a single sj)ecies found 
in d(^serts of southwest 
Africa, is the most |)ecu- 
liar of all (Fig. 1015). It 
has a large tivp-root, while 
above ground is a large 
crown of tissue. Betw’een 
the crown and the root ^^13. Gnetum indicum 

there are attached two Left, arrangement of ovules (x 24). Right, 
long opiwsite leaves, which seed (x f ) 

arc the only leaves other 

than the two cotyledons that the plant produces. They grow continually 
at the base and last throughout the life of the plant. 

The GneUiles are obviously g}’’mnos|:)erms, as the seeds are not enclosed 
in ovaries. They have, however, some characters which have been inter- 
preted as showing a similarity to the angiosperins. Among these are the 
occurrence of vessels in the wood, the presence around the " Bowsers’' of 
structures which have been considered as similar to the i>erianth of angio- 





Fic. 1015. Welwitschia 
After Hooker 
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sperms, and the absence of archegonia in Gnetum and Wdwitschia, It has 
been found, however, that the vessels are formed in a very different manner 
in Gnetales and in angiosperms. The so-called ''perianth'' in Gnetales 
(Figs. 1012, 1016) is at least as similar to bracts found in some of the 
gyrnnosperms as to the f)erianth of angiosperms. The female gametophyte 
of Gnetum is most like that of the angiosperms, but the nuclei are free in the 
cytoplasm instead of there being a regular arrangement of cells as in 



Fig. 1017. Multinucleate 
prothallus of Gnetum gne- 
mon, probably at fertiliza- 
tion stage 

After Coulter 

angiosperms (Fig. 1017). The great differences between the three genera 
indicate a long line of evolution, but unfortunately we know little of the 
fossil history of the group. The present tendency seems to be to regard the 
Gnetales as representatives of a line of gymnospermous evolution which 
has not been closely connected with that of the angiosperms. 

CLASS ANGIOSPERMAE 

The angiosperms are the culmination of the evolutionary process 
in plants. In them the sporophyte has reached its greatest speciali- 
zation, while the gametoph 3 rte has become greatly reduced. They 


Fig. 1016. Ovule of Gnetum gnemon 

The integuments are shaded to make them 
stand out clearly, p, perianth ; o, outer integu- 
ment; t, inner integument; n, nucellus; pr, 
prothallus. (Modified after Lotsy) 
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are the dominant element of our land flora, and in number of species 
exceed all other green plants. They include all the woody plants 
other than the gymnosperms and the tree ferns, and all herbaceous 
plants other than the ferns and fern allies. Many of the angio- 
sperms have Ixicome specialized for aquatic conditions, and such 
species form the dominant vegetation of fresh waters. Angio- 
sperms have also invaded salt water, and even here grasslike forms 
may be the dominant element of the vegetation in rather quiet 
water where the bottom is muddy. 

The angiosperms are divided into two subclasses, the Dicoty- 
ledoneae (dicotyledons) and Monocotyledoneae (monocotyledons). 
The distinctive characters of these groups have been given in 
earlier chapters. The most primitive dicotyledons appear to have 
been woody ; it is believed that the herbaceous dicotyledons and 
the monocotyledons have been derived from woody dicotyledons. 

Sporophyte. The sporophyte is a complicated plant with roots, 
one or more stems, leaves, and strobili known as flowers. 

The wood is highly specialized in that rows of tracheids have 
become transformed into vessels, while other tracheids are special- 
ized as wood fibers. The vessels are greatly superior to tracheids 
for the conduction of water, and in most angiosperms the function 
of the tracheids is largely that of mechanical support. The de- 
velopment of an efficient water-conducting system composed of 
vessels has enabled angiosperms to produce a great display of 
mesophytic foliage. The improvement in the conducting system 
has therefore resulted in a great development of the assimilating 
system. 

Another great advance shown by angiosperms is the develop- 
ment of complicated structures which facilitate insect pollination. 

Flowers. The distinguishing characteristic of angiosperms is 
that the seeds are enclosed in carpels. In some cases there is only 
one carpel, the edges of which are joined to form an ovary with a 
single cavity. In many cases one or more carpels unite to form a 
compound ovary, which may have one cavity or more than one. 
Where two or more carpels fuse to form a compound ovary, the 
tips may form separate stigmas or only a single stigma. According 
to the most generally accepted theory, a carpel is a sporophyll 
the tip of which has been modified as a stigma. 



Spermatophyta 


815 





These carpels and sta- 
mens are borne in flowers, 
and in complete flowers 
are surrounded by two 
sets of modified leaves, 
the petals and the sepals. 

The torus is a short stem, 
and as it bears sporo- 
phylls the flower is a 
modified strobilus. 

Ovule and female 
gametophjrte. In the an- 
giosperms the ovule con- 
sists of an oval structure, 
the nucellus, or sporan- 
gium proper, surrounded 

by one or two integuments. At the apex there is a small opening, 
the micropyle, which extends through the integuments (Fig. 325). 

In the nucellus there is usually found a single spore mother 
cell (Fig. 1018), which in the majority of cases divides to form a 


Fig. 1018 . Spore mother cell and megaspores 
of an orchid 

Left, spore within nucellus ; center, the spore 
is divided into two daughter cells ; right, the 
lower daughter cell has divided into two 
spores, while the upper one is in process of 
division. (After Brown and Sharp) 



Fig. 1019. Development of female prothallus in an orchid 

A, the apical spores are disorganizing; the basal mcgaspore has enlarged and 
its nucleus has divided to form two nuclei. B, older stage, showing formation 
of vacuole. C, the nucleus at each end has divided, resulting in four nuclei in 
the prothallus. D, telophase of division of four nuclei to form eight. six 
nuclei cut off by walls ; in the base there are three antipodal cells ; at the tip are 
a large egg cell and two smaller synergids ; between the groups of cells are two 
free polar nuclei. F, fusion of the polar nuclei. (After Brown and Sharp) 
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row of four spores (Fig. 1018). The three spores situated toward 
the apex of the nucellus degenerate (Fig. 1019). The basal spore 
is also known as the embryo sac, and within it the female gamcto- 
phyte, or prothallus, is formed. First the embryo sac increases 
considerably in size and becomes oval in outline (Fig. 1019). Its 
nucleus divides, and the two daughter nuclei migrate to the oppo- 
site ends of the sac. By two successive divisions each of these 
daughter nuclei gives rise to a group of four nuclei, the groups 
being at opposite ends of the sac (Fig. 1019). At each end three 



Fic. 1020. Formation of male gametophyte in an angiosperm 

Left, a tetrad of pollen grains of an angiosperm {Elxlea) (x 550) ; upper right, 
the microspore nucleus has divide<l, resulting in the formation of a large tube 
cell and a small generative cell, which in the figure is situated in the lower left 
portion of the tube cell; lower right, the generative cell has divided to form 
two male cells (x 205) 

of the nuclei become surrounded by cell walls. The three cells 
thus formed at the end of the sac away from the micropyle are 
known as antipodal cells. The group of three cells at the micro- 
pylar end consists of two cells (synergids) and an egg cell. The 
two nuclei which are free in the cytoplasm are polar nuclei, and 
they move to the center of the sac. In this condition the female 
gametophyte is mature and the egg is ready for fertilization. 

In a considerable number of species the spore mother cell, in- 
stead of forming a row of separate spores, becomes the embryo sac. 

Male gametophyte and fertilization. The pollen grain begins 
to germinate before it is shed, and forms a male gametophyte, or 
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prothallus, within the pollen grain (Fig. 1020). This gametophyte 
is produced by the division of the nucleus of the pollen grain to 
form a tube nucleus and a generative nucleus. The growth of the 
pollen tube appears to be connected with the activity of the tube 
nucleus. The generative nucleus divides to form two male nuclei. 
This division usually takes place in 
the pollen tube, but may occur while 
the pollen is in the anther (Fig. 1020). 

After being deposited on the stigma 
the pollen grain sends out a pollen 
tube into which the nuclei migrate. 

The pollen tube grows down through 
the style and enters the female pro- 
thallus, usually by way of the micro- 
pyle (Fig. 326). The two male nuclei 
are discharged in the embryo sac. 

One of them fertilizes the egg by 
fusing with its nucleus (Figs. 328, 

1021). The fertilized egg germinates 
and produces an embryo. The sec- 
ond male nucleus and the two polar 
nuclei fu.se to form an endosperm 
nucleus (Figs. 328, 1021). 

Endosperm. The endosperm nu- 
cleus undergoes a series of rapid di- 
visions which result in the formation 
of endosperm tissue around the devel- 
oping embryo, filling the embryo sac. 

The nuclei of the cells of this tissue 
contain a triple, or 3x, number of chromosomes, because the 
primary endosperm nucleus was formed by the fusion of three 
nuclei. The endosperm furnishes nourishment for the develop- 
ing embryo. Usually it completely absorbs the nucellus before 
the seed is mature. Frequently the embryo absorbs all of the 
endosperm during the development of the seed ; in such cases there 
is no endosperm in the ripe seed (Fig. 359). In many cases the en- 
dosperm persists in the mature seed and is absorbed only during 
germin^btion (Fig. 360). 



Fic. 1021. Fertilization stage in 
the embryo sac of an orchid 

p, pollen tube ; s, synergid ; c, egg 
containing nucleus formed by 
the fusion of male and female 
nuclei ; m, male nucleus in con- 
tact with nucleus formed by 
the fusion of two polar nuclei ; 
o, antipodal cells. (Redrawn 
after Brorni and Sharp) 
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Seen. When the endosperm is absorbed djiring the develop- 
ment of the seed, the ripe seed consists of an emWyo surrounded by 
one or two integuments which form the seed coats. If the endo- 
sperm persists in the seed, the embryo is surrounded by the endo- 
sperm, and this by the seed coats. 


OLDEST ANGIOSPERMS 


Caytoniales. In Jurassic rocks have been found the oldest 
known plants which were angiospermous in the true sense of the 





Fig. 1022. GrUthorpia nathorsti 

A, sporophyll with anthers (x 2); B, cross section of anthers showing four 
iocules (X8); C, very young carpel (x8); D, seed (x4); B, sporophyll 
with cai7)els (X 1). After Thomas 

tem) ; that is, in having seed enclosed in a carpel. These plants 
represent two closely-related genera of the order Caytoniales. 

The carpels were home on sporophylls. Each sporophyll con- 
sisted of a central stalk with pinnately arranged short side branches 
each of which was terminated by a carpel or fruit. The carpel was 
completely closed, and the tip of the portion of the pinnule which 
bent over became the stigma. Pollen grains have been found at- 
tached to the stigmas. The seed were borne within the closed 
carpel (Fig. 1023). The integument of the seed is rather strikingly 
(dmilar to that of certain seed of seed-ferns. The fruits were fleshy, 
so the seeds may have been scattered by animals that ate the fruit. 
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The anthers are found on sporophylls similar in general outline 
to those which bore the carpels. The branches of the sporophylls 
divided, and the tips of the divisions bore groups of stamens 
(Fig. 1022). The anthers were sessile or 
at the ends of short filaments. They had 
a four-winged form, and each wing seems 
to have contained a pollen sac. Thus they 
had the same general form as the stamen 
of a modern angiosperm. 

The leaves which appear to belong to 
the known Caytoniales are of a type which 
was very widespread 
during the Jurassic 
period and extended 
from Triassic to Cre- 
taceous times. The 
venation was netted, 
but similar to that 
of Glossopteris, which 
is generally regarded 
as a seed-fern. 

The general char- 
acter of the leaves, 
sporophylls, and seed 
indicate that the Cay- 
toniahs were derived 
from the seed-ferns. 



Fic. 1023. Caytonia 
setvardi 


Above, fruit with flange- 
like stigma on the stalk 
(x 4.7). Below, dia- 
grammatic section of a 
fruit to show arrange- 
ment of the seeds. (After 
Thomas) 



Fig. 1024. Cayfonia 
thomasi 


Left, longitudinal sec- 
tion of fniit showing 
seed. In one case the 
canal leading to a 
seed is shown. Right, 
pollen grains. (After 
Harris) 


In the Caytoniales from the Jurassic the pollen 
seems to have been caught on a stigma, and the 
ovules are enclosed in ovaries, but in a form from 
the upjxjr Triassic jwllen grains are found in the 
micropyles of tlie seed. In this fonii there appear 
to have been canals running through the " stigma,” 
and through these canals pollen grains reached the micropyles of the 
seed (Fig. 1024). This Triassic Caytonia is evidently not yet completely 
angiospermous. It has been suggested that the walls of the fruit of the 
Caytoniales had their origin in the fusion of^cupules which surrounded 
the seed of Cycadofilicales. 
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Unfortunately we do not know how the sporophylls of the 
Cayioniales were borne, or what kind of plant bore them, and so 
the relationship of the Cayioniales to modern angiosperms is 
obscure. 


ANCESTRY OF ANGIOSPERMS 

The ancestry of angiosperms has long been a moot question. 
There is not enough evidence to reach a definite decision, and there 
is much disagreement as to theory. 

Among living gymnosperma the group wliich is most similar to the 
angiosperms is the Gnetales. While there is great dissimilarity between the 
Gnetales and the angiosperms, still there is enough similarity to convince 
many that either the angiospernLS are descended from the Gnetales^ per- 
haps from extinct forms, or else the two groups are closcdy related and 
have a common ancestry. Some regard the Gnetales as being intermediate 
between the conifers and angiosperms, and so are inclined to a belief in a 
coniferous ancestry for angiosperms. This belief is based in {)art on simi- 
larity in wood structure and on the fact that in conifers, Gnetales, and 
angiosperms the fertilization is by male nuclei and not by sperrnatozoids 
as in all other living groups of land plants. 

A rather complete understanding of the ** flower'' of Cycadeoidea was 
followed by an extensive discussion of a cycadophyte ancestry for angio- 
sperms ; not from Cycadeoidea with its highly specialized stem, rather from 
one more nearly related to Williamsonia or Williamsoniella, but still more 
primitive. It was p<jinted out that, as previously mentioned, the bracts, 
stamens, and ovuliferous cone of Cycadeoidea were in the same relative posi- 
tions as the perianth, stamens, and carpels of the angiosperms. Also, the 
embryo had two cotyledons, while the seeds were almost enclosed by the 
interseminal bracts. 

The discovery of the Cayioniales, first in the Jurassic and later in the 
late Triassic, has been taken by some as indicating that the angiosperms, 
through forms related to the Cayioniales, are descended direct from the 
seed-ferns. A recent theory is that the carpels of angiosperms were derived 
through a modification and fusion of cupules which surrounded the seeds 
of Cycadofilicales, and that the ovaries of the CayUmiales represent an 
intermediate condition between the seed-ferns and modern angiosperms. 

% 

One feature which is common to practically all theories as to the 
origin of the at^osperms is that they go far back into early Meso- 
zoic or latter Paleozoic times; also that their ancestors were 
generalized forms and not such specialized ones as modem conifers 
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or cycads or the late Mesozoic cycadeoideas. A conservative sug- 
gestion is that they were derived from somewhere in the general 
gymnospermous complex, from a line in which the marked peculiar- 
ities of more modern groups had not become so pronounced as they 
appear in the well-known specialized types. 

Our ignorance as to the ancestry of the angiosperms is not sur- 
prising when we remember how scanty is our knowledge of plant 
floras. If, as seems probable, the angiosperms evolved in Arctic 
regions, much of the record may be thickly covered with an icy 
mantle and inaccessible to us. Also, the record of former vegetar 
tion is largely that in and around swamps, about lakes, and in 
similar situations ; and any trace of much of that which flourished 
on higher ground is forever lost. However, in comparatively recent 
years a great deal of evidence as to the history and relationships of 
land plants has been discovered; so w^e may hope that perhaps 
some day we may have a fairly connected account of the develop- 
ment of the angiosperms. 



CHAPTER XXIX 


PALEOBOTANY 

Introduction. In a previous chapter we discussed the methods 
by which great masses of sedimentary rocks have been formed, how 
fossils have been preserved, and the division of geological time into 
eras and periods. In preceding chapters we have studied the struc- 
ture and relationships of plants appearing in various geological 
periods. In this chapter we will consider the successions of floras 
from the beginning of the geological record to the present, and in 
this way bring together the long history of the development of 
plants in a more or less connected story. 

PRE-CAMBRIAN PLANTS 

Early development of plants. The length of geological time 
before the dawn of the Paleozoic at the beginning of the Cambrian 
far exceeds that of all subsequent times. We have very little 
knowledge of what actually took place during these long ages, but 
it must have been a period in which the algae were developing, as 
algal remains indicate that all the great groups of algae had rep^* 
resentatives along the shores of the early Cambrian seas. In the 
chapter on bacteria we noted that there is evidence for the pres- 
ence of bacteria in the Archeozoic, the earliest of geological eras, 
and that their presence in this ancient time is in harmony with the 
view that the bacteria are not only the simplest but also the most 
primitive of living plants. In the Proterozoic, the succeeding era, 
bacteria and blue-green algae appear to have been widespread. 
Evidence for the presence of blue-green algae is given in the 
chapter dealing with these forms. 

LOWER PALEOZOIC PLANTS 

The age of algae. The lower Paleozoic has been called the age 
of algae because, beginning with the Cambrian, a considerable 
variety of fossils of algae are known (Fig. 1025 ). No land plants 
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have been found in strata earlier than the Devonian. It is not 
improbable that land plants did occur in the Silurian ; but, if so, 



Fig. 1025. Cambrian algae 

Above, Marpolia spirra; lower loft, Dahfia rncnmita] lower right, Wahpia 
. mimica. All slightly loss than twice natural size. (After Walcott) 


they were probably very primitive forms. Most algae are very 
soft and do not make very good fossils. In general the fossil shows 
only the external form of the plant. It is therefore rather difficult 
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to decide definitely to what groups fossil algae belong. The forms 
of Cambrian algae indicate, however, that a variety of blue- 
green, green, brown, and red algae were present at that time. 


Devonian Period 

b Early Devonian, Avery 

¥ Th ll great change in the flora 

^ of the world took place 

U (1 Devonian. Fossils 

I ^ T oldest known land 

“WF 1 H found in the 

An H i Devonian, and be- 

Ki ^ ^ ^ period 

W i\ Jriv/^ u/nl^ If had already devel- 

^Jr \ I oped a considerable diver- 
¥ li li // terrestrial forms. 

I w The lower Devonian was 

I f \ '3 PsilophytaleSf 

M which, as we have noted, 

Y \ ). :’i* ^ M/V ^ primitive or- 

1 \V' ' ' In/ Pteridophyta. 

V ’ Y / 7 V Psilophytales, which 

l' know, appear to rep- 

! '/ ! resent a very generalized 

H f K^oup of pteridophy tes 

\ \ j from which the higher or- 

ders of Pieridopkyia di- 

Fic. 1026. Cladoxylon scoparium, a mid- verged, and from which 
Devonian ptcridophylyelatcd to the fern 

scended. In the earlier 
»' "-e Devonian the 
leaves Psilophytales were wide- 

spread over the surface' 
of the earth. They must have formed a strange type of low 
vegetation from which trees or even bushes were lacking. 

Middle and late Devemian floras. During the middle and latter 
part of the Devonian we see great advances in the structure of 




Flc. 1027. Restoration of a late Devonian forest of New York 

The trees are Protolepidodendran primaemim, a lycopod, and the seed-fern Eosj>ermatoptens textilis. In the fore- 
ground arc seen actual stumps of the latter species. (After Goldring. Courtesy of the New York State Museum) 
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plants, and the coming in of various new types. These appear to 
have been derived from the Psilophytdes of the earlier Devonian 
times. There were primitive Equisetalea and also ferns of a primi- 
tive type. 

In the upper Devonian of New York there have been found 

abundant remains of a seed-fern 
with large fronds which, when living, 
is believed to have been a tree ten 
or twelve meters tall (Figs. 952, 
1027). The seed-ferns, as we have 
seen, arc the most primitive of the 
seed plants, and indicate a common 
ancestral stock for ferns and seed 
plants. In the upper Devonian of 
New York we find also a large ly- 
copod (Figs. 1027, 1028). This was 
a tree probably twelve meters in 
height, a forerunner of the giant 
lycopods of the Carboniferous, 

The two great ly(*o|K)(l genera of the 
Carboniferous i)eriocl were Lc/m/of/en- 
dron and Sigillaria. In Sigillaria the 
leaf sears arc arranged on ribs in vertical 
rows, while in Lepidodendron they are in 
spirals. In the Devonian lycoiK)d (Proto- 
lepidodendron) they are in vertical rows 
at the base of the plant and are more 
or less spirally arranged on the upper 
parts. 



Fic. 1028 . Protolepidodendron 
primaevum 

Lower left, aerial leaf scars on 
upper part of stem ; lower cen- 
ter, arrangement of leaf scars on 
lower part of trunk ; lower right, 
a leaf. (After Kerry) 


Before the close of the Devonian 
there was a great variety of pterido- 
phytes. These included the lycopod 
genus Lepidodendron, which became so prominent in Carboniferous 
time ; also the genus Spfienophylhim of the Efjuiseiinecte, The vari- 
ous plants from the middle and upper Devonian forecast groups 
which were prominent in the Carboniferous period (Fig. 1037). 




lycoxxxl is growing on the fallen Sigillaria trunk. In the center foreground is a slender type of 
calamite and ui the background two much-branched tree tyjM^s. To the right of the water are a 
number of Sip^laria, al.so a tree fern. In the extreme right is a group of CordaitaUs. In the under- 
growth are several CgcadofiUcales. Among those in the extreme right is a Sphenophyllutn 
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Carboniferous Floras 

Environment of Carboniferous period. Very favorable condi- 
tions for the growth of plants were widespread during the Car- 
boniferous period. A uniform mild, perhaps subtropical, climate 
seems to have extended north into the Arctic regions, as the same 
plants, of tropical appearance, are found in America, Europe, and 
within the Arctic circle. There were vast plains from which the 
water drained but slowly, and so there were great fresh-water 
swamps, in which were laid down the tremendous Carboniferous 
coal beds. The vegetation which gave rise to these immense beds 
of coal has been regarded by many geologists as one of the most 
luxuriant which have been recorded in geological liistory. 

In North America the deposits of the lower and tlie upper Carbonifer- 
ous are so distinct that American geologi.sts usually separate tliein into 
two periods, the earlier called Missksippian and the latU‘r rennsylvanian. 
The Pennsylvanian was the period of tin? great coal IxkIs. For the sake of 
simplicity, and Ijecause it is often difficult to distinguish between Missis- 
sippian and Pennsylvanian floras, these two j)eriod8 are here regarded as 
constituting the CarlK)niferous period. 

Plants of the Carboniferous period. Prominent among the 
plants of the Carboniferous period were giant horsetails (AV/wf- 
setales) and lycopods (Lycopodiales) (Figs. 1029). The horse- 
tails reached a height of twenty or thirty meters and a diameter 
of a meter, and the lycopods attained even greater dimensions. 
Ferns were rather scarce, but seed-ferns (Cycfulofiliailes) were 
exceedingly abundant. Most of the latter were relatively small, 
although some may have been fair-sized trees. An extinct order 
of tall gymnospermous trees (Cordai talent) was conspicuous, and 
there is evidence to indicate that the conifers made their appear- 
ance before the close of the period (Fig. 1030). More than two 
thousand species have been recorded from the (carboniferous 
period, and it is not probable that we are acquainted with half that 
actually existed. 

Carboniferous forests. The vegetation of the Carboniferous 
period varied from place to place as does modem vegetation. It 
also underwent changes as time passed. We cannot, therefore, 
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p;\vc a description which would fit all of it. However, w^e can 
picture, more or less, the plants which in various combinations 
made up that vegetation. 

The tall trees, about thirty meters in height or taller, were 
ly copods (particularly Lepidodendron and Sigillarici) ^ Calamites^ 
and Cordai tales. Not all of the lycopods and calamites were such 
giants; many of them 
were smaller plants, and 
among the lycopods were 
small herbaceous species 
mnilarto Selaginella. IjCss 
lofty than the giant lyco- 
pods and calamites were 
the tree ferns of the late 
Carboniferous and Per- 
mian periods. Among the 
smaller or mcdium-sizod 
plants, seed-ferns were 
very conspicuous, while 
ferns were present. Slen- 
der sphenophy Hums prob- 
ably scrambled over the 
other plants. 

Ferns. Most of the 
fernlike fossils which are 2030^ W akhia /ronJoso, one of the 

so abundant in the Car- Paleozoic Coniferales 

boniferous period have After Renault 

proved to be seed-ferns 

(Cycadofilicaks). In other cases it is not known definitely w^hether 
they are true ferns or seed-ferns. However, there is one large 
class (early ferns, or Primofilices) which appear to be certainly of 
fern stock. They were small plants of an ancient race extending 
back into the Devonian period. In most forms of the early ferns 
{Primofilices) the fronds apparently consisted of naked rachises 
on which the sporangia w’^ere borne terminally. 
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THE CLOSE OF THE PALEOZOIC ERA 

The Permian is the last period of the Paleozoic era. The 
Carboniferous grades into the Permian gradually, and there is 
much question as to whether certain stages of development 
started in the late Carboniferous or in the early Permian. It is 
therefore more convenient not to try to define too exactly what is 
here regarded as the closing epoch of the Paleozoic era. 

Geological changes. In late Paleozoic times there was active 
mountain building and a rearrangement of large areas of land and 
sea. At this time the Appalachian as well as other mountain chains 
elsewhere were raised to great heights. In the southern hemi- 
sphere there was widespread glaciation in an ice age severer than 
the more familiar Pleistocene ice age ; dryness and coldne.ss l^ecame 
widespread, and there was a great impoverishment of the flora. 

Changes in flora. The changes in vegetation which mark the 
close of the Paleozoic came on gradually, but l)efore the end of the 
Permian they were very profound. The giant lepidodendrons and 
sigillarias had disappeared, though small forms resembling Lyco- 
podium and Selaginella continued into the Mesozoic period. 
Sphenophyllum and the true calamites seem to have become ex- 
tinct; henceforth the EquiscUdcff were represented by humbler 
types than the giant calamites of the Carboniferous. Ferns were 
abundant in the Mesozoic era, but many of the Paleozoic types, 
including the Carboniferous and Permian tree ferns, disapi)eared 
by the close of the Paleozoic, and many of the Mesozoic ferns 
were more recent types. Many of the prominent Cyc.adofiliccdes 
died out, but the order continued into the Mesozoic with greatly 
decreased importance. Cordaitales are not known to have sur- 
vived the Paleozoic, but leaves similar to theirs have been found 
in Triassic strata. Altogether, it may be said that the plants 
which dominated in f'arboniferous times had practically passed 
away before the close of the Paleozoic ora. 

While the late Paleozoic saw the passing of many types of 
plants, new ones belonging to the Cycndales^ GmkgoaleSf and Coni* 
ferales had come upon the scene. These orders, together with new 
types of ferns, were destined to dominate the greater part of the 
Mesozoic era 
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Glossopteris flora. While in earlier Carboniferous times there 
were similar floras in both northern and southern hemispheres, 
a very distinct flora developed in the south during the late 
Paleozoic. At that time there was a great southern continent, 
known as Gondwana Land, which embraced much of Australia, 
India, Africa, South America, and 
Antarctica. 

A sea se{>arated what is now eastern 
Asia from western Europe, but across 
the North Atlantic there was a land 
bridge, and also one from Africa to 
South America. 

Gondwana Land was separated 
from the northern lands (Europe 
and most of Asia) by the Tethys 
Sea. In Gondwana Land there 
occurred what was perhaps the 
most severe glaciation of geologi- 
cal history. In this region there 
developed also a very distinct flora, 
called the (HUmoptens flora from 
the genus Glossopteris^ one of its 
prominent constituents (Fig. 1031). 

The dominant plants had large, Glossopteris brouniana 

coarse fernlike leaves, some of .After Bnmgniart 

which, including Glos^sopteris, were 

entire. These plants are believed by many to have been seed- 
ferns. The Glossopteris flora was much poorer in species than the 
forests contemporary with it in the northern hemisphere, but it 
contained species belonging to all the great orders of Carbonifer- 
ous plants. 

Before the close of the Permian there must have been some land 
connection across the Tethys Sea, as Gondwana plants migrated 
to the northern continent. As these hardy forms and their de- 
scendants spread, they produced great changes in the character of 
northern floras. 
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MESOZOIC FLORAS 

Triassic. In the earlier part of the Triassic period the climate 
continued to be generally drier and less uniform than before the 
Permian glaciation. Plant fossils from the earlier Triassic are 

scarce. The vegetation 
was probably not so rich 
as in the Carboniferous. 
However, some of the 
apparent scarcity may be 
due to the fact that the 
conditions under which 
the sedimentary rocks of 
the period were formed 
were not favorable for the 
preservation of vegetable 
remains. We have more 
plant fossils in rocks of 
the late Triassic, when 
the passage of time and 
the stimulus of changed 
conditions had resulted 
in a vegetation very' dif- 
ferent from that of the 
early Permian. 

Relatives of the great 
groups of the Paleozoic 
era lingered on in the 
Triassic. The Eqtiise- 
taJes were represented by 
forms much smaller than 
the giants of the Car- 
boniferous and intermediate between them and recent species 
(Figs. 868, 1032). By the end of the Triassic the larger forms 
had disappeared, leaving only smaller ones comparable with those 
of today. The same is true of the Lycopodialea. The position of 
the seed-ferns is obscured by the difficulty of distinguishing be- 
tween seed-ferns and true ferns. However, this line appears to 



Fig. 1032, A Triassic landscape 
After Heer 
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have been carried on far into the Mesozoic by forms different 
from those which were prominent in the Paleozoic. 

Dominant plants of the Mesozoic period. From the Triassic to 
the lower Cretaceous the flora was dominated by GinkgocdeSy ferns, 
conifers, and particularly by cycadophytes (eycads and their 
relatives). 

Ferns. The ferns (Fiji^s. 1033-1035) attained only moderate di- 
mensions. They were more 
abundant than in the Pa- 
leozoic era, though proba- 
bly somewhat less so than 
at present ; and they repre- 
sented more modern types 
than did the Paleozoic 
forms Ihjwever, families 
which were common and 
widespread in the Mesozoic 
have since dwindled in im- 
portance, while other fami- 
lies have risen to greater 
prominence. 

Trees. The trees of the 
Triassic and Jurassic were 
conifers and Ghikgodks. Co- 
nifers were numerous and 
widely distributed ; prol)- 
ably, however, the commonest trees belonged to the Ginkgoales. 
In the Mesozoic there were several genera and numerous species. 

The Cretaceous period and the coming of angiosperms* The 
first definitely known angiosperins, other than the Caytoniales^ 
are found in the earlier part of the ('retaceous period. Some 
jxit rifled stems of angiosperins found in the lower Cretaceous 
are thoroughly angiusix‘rmous in anatomy without any trace of 
g>unno8i)ermous characters. Moreover, different specimens show 
considerable diversity in structure. The sudden appearance of 
angiosperms during the Cretaceous in great variety of forms leads 
to the belief that they must have undergone a long period of evo- 
lution before the time at which they come to our notice. Other 



Fig. 1033. Clathropteris^ a Triassic fern. 

( X 

.\fUT Berry 
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than the presence of the Caytoniales in the Jurassic, there are very 
few and inconclusive direct indications of the presence of angio- 

sperms before the Cretaceous. 

There is evidence that a 
considerable part of the evo- 
lution of the angiosperms took 
place within the Arctic Circle. 
Early in the C-retaceous a varied 
dicotyledonous flora occurred 
in Greenland along with older 
types. Similar dicotyledonous 
floras, which appear to have 
migrated from such a center, 
are found later in Asia, North 
America, and I0ur()|)e. During 
Cretaceous times there was a 
southward spreading of floras 
Fic. 1034. Camptopteris spiralis, a in Asia, North America, and 
Triassic fern. (X j) ICurope which reached as far as 

After Nathorst South America and Antarctica. 

l^fore the end of the lower 
Cretaceous, angiosperms were a prominent element in the flora. 
By this time a number of modern families and genera were 
represented. 

Among the families found 
in Maryland and Virginia from 
the upper portion of the lower 
Cretaceous are such as the wil- 
low iSalicaceae)f beech (Faga- 
ceae), elm {Ulmaceae), fig (J/o- 
raceae), celastrus (Celastracefie), 
gra])e {Vitaceae), laurel (Laura- 
ceae)f soapberry (Sajnndaceae), 
and water-lily (Nymphaeaceae) 
families. Dictyophyllum exila, a 

Triassic fern. ( X J) 

Upper Cretaceous. In up- ^ 

", , . r After Nathorst 

per Cretaceous times angio- 

sperms were the dominant plants. Before the close of the Cre- 
taoeous monocotyledons had begun to appear. 
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During the Cretaceous a mild uniform climate seems to have 
been widespread, as the same floras occur in North America, 
Europe, Asia, and Greenland. In the latter place temperate-zone 
plants (poplars, walnuts, magnolias, pines, oaks, etc.) occur along 
with tropical types (breadfruit, figs, cinnamons, etc.). 

In u])per Cretaceous times new angiosperms continually ap- 
peared and older types disappeared. Before the close of the 
|x?riod most of the archaic plants of former floras had become 
extinct. The cycadophytcs and Ginkxjoales had lost their dominant 
place, most of their typers had disappeared, and henceforth they 
were to be represented by remnants which would occupy" only 
insignificant places in the floras of the world. Their position was 
similar to that of the lycopods and horsetails after the passing of 
the l^aleozoic. The Ginkgmdes came very near to sharing the 
fate of tile Cycadiffilicalcs and Cordaitales. 

CENOZOIC VEGETATION 

Before the close of the Cretaceous period, angiosperms had 
become the dominant group of plants; and they have so con- 
tinued until the present. Many living genera were represented at 
the lieginning of the Cenozoic era, and the flora had a very modem 
asix*ct. However, herbaceous six*cies were much less abundant 
than at pres(‘nt, and individual species of plants had a much wider 
distribution. 

The floras of temperate North America and central and west- 
ern Europe were such as are now characteristic of more southern 
regions, and contained numerous tropical genera, thus indicating 
a warmer climate (Fig. 1036). A more temperate flora occurred 
from the Ural Mountains across Siberia to northern Japan. A 
luxuriant temperate flora flourished in Greenland. 

The climate of the southern hemisphere appears to have been 
more similar to that of today than in North America and Europe, 
and no such great changes have occurred since as in the latter 
localities. 

The Pliocene period saw a general cooling of North America 
and Europe, and the vegetation became more like that of today. 

During the Pleistocene, great ice caps reached over much of 
North America and Europe. They did not spread out only once, 
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but several times alternately spread and then retreated. When 
the ice spread, plants were forced to migrate ; and when it re- 
treated, vegetation followed. In North America as the ice ex- 
tended south there were relatively easy routes of migration for the 

plants, which could re- 
turn when glaciation had 
passed. The same was 
tnie in eastern Asia, and 
the result of this was 
that many of the widely 
distributed plants of the 
early Cenozoic persisted 
and that the floras of 
eastern Asia and of east- 
ern North America have 
many points in common. 
This resemblance is seen 
not only in many genera 
but even in numerous 
identical species. Thus 
the tulip tree, the bald 
cypress, and the sassa- 
fras are common to the 
two regions. 

In Europe conditions 
were different. The high 
mountains across south- 
ern Europe, themselves 
capped with glaciers, and 
the seas to the south of 
them formed an effec- 
tive barrier against the 
migration of many species, especially the more tropical ones. Thus . 
many species perished, often not to return to this continent. To a 
considerable extent Europe had to be repopulated after the ice age, 
probably mostly from central Asia. 

Another effect of the ice age is seen in the occurrence of arctic 
types high up on isolated mountains. As the ice spread south, so 



Fig* 1036. Switzerland in Miocene times 
After Ffeer 
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did arctic plants. When the ice retreated north, the plants fol- 
lowed ; but they also followed the glaciers as they retreated up the 
mountains, and they then became i.solated. 

While angiosperms have dominated throughout the Cenozoic, 
there have been many changes in the kinds of plants and their dis- 
tribution. Old types have disappeared, and new ones have taken 



Fic. 1037. Diagram of disiribution and importance of orders of Pteridophyta 
and Spermatophyta in geological time 

The relationshijjs of the different oixiers are also indicated 


their places. Forms which wore important and widespread have 
dwindled, while others less prttminent have increased in abundance 
and become widely distributed. 

The dwindling importance «»f certain conifers during the Ceno- 
zoic has been very striking. The bald cypress, now of limited dis- 
tribution, once flourished over much of North America, Europe, 
and Greenland. The genus Sequoia was once prominent over much 
of the world. 
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CONCLUSION 

Throughout geological time there has been a continued succes- 
sion of plants. The opening chapters of geological history show the 
presence of only the simplest forms. With each era, and, where we 
know the details better, with each succeeding period or portion of a 
period, more complex and highly evolved plants made their appear- 
ance. They became dominant, only to be superseded later by 
newer and more progressive groups. Fortunately for our under- 
standing of them, ancient plants which have given way to more 
advanced ones have often left fossil remains or living representa- 
tives or both ; and these enable us to reconstruct much of the his- 
tory of the plant world (Fig. 1037). 

In the early part of the record we see the successive appearance 
of higher types, but the details are hazy. Beginning with the 
Devonian, the picture becomes much clearer. Not only are the 
plants of succeeding times more advanced than their predecessors, 
but predecessors and successors grade into each other to such an 
extent that there seems to be no doubt that the newer plants were 
derived from the older ones through a process of gradual change. 
This gradual development is called evolution. The net result is 
that there has been evolved a flora which is wonderfully suited for 
the needs of man ; and so, without implications of any kind, it will 
not be amiss to end this chapter with the following quotation : 

11, And God said. Let the earth bring forth grass, the herb yielding 
seed, and the fruit tree yielding fruit, after his kind, whose seed is in itself, 
upon the earth : and it was so. 

12. And the earth brought forth grass, and herb yielding seed after his 

kind, and the tree yielding fruit, whose seed was in itself, after his kind : 
and God saw that it was good. Genesis 1.11,12. 
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EVOLUTION 

The production of anything by the process of gradual unfolding 
or gradual change is known as evolution. In this sense we speak of 
the evolution of a machine, the evolution of civilization, the evolu- 
tion of a nation, the evolution of the world, or the evolution of the 
universe. 

The present configuration of the earth is known to be due to the 
accumulation of the same kind of gradual changes as are going on 
around us at the present time. Streams gradually deepen their 
beds ; soil is washed from hillsides into rivers and then carried into 
lakes or seas ; in this way the earth has become cut into ridges and 
valleys. In some places the land is rising, while in others it is sink- 
ing. Earthquakes and volcanic eruptions also modify the geog- 
raphy of a locality. Changes such as those mentioned have evolved 
the present configuration of the earth's crust. 

Plants and animals also undergo change ; and a study of the 
origin of cultivated plants shows that most of the varieties have 
been produced by the selection of desirable variations. The wild 
species that inhabit the earth at present are also derived from 
previously existing plants. Such species are continually under the 
influence of natural selection. When a favorable mutation occurs 
in either a plant or an animal, there is a tendency for individuals 
having this mutation to persist at the expense of those without it. 
In this way the flora and fauna of the earth are gradually under- 
going changes which tend to fit them better to the environment. 
This process is naturally a slow one. Animals and plants are 
already very thoroughly fitted to their environment, and it is not 
to be expected that changes which would make them more so would 
be conspicuous during the lifetime of one man. 

The evolution of plants and animals, or the accumulation of the 
gradual changes which occur in them, is known as organic 
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Organic evolution. According to the theory or law of organic 
evolution the present floras and faunas of the world have been 
derived from those of past ages by gradual changes. During the 
course of these changes the organisms have, in general, become 
more complex and better fitted to their environment. The grad- 
ual process of evolution has, moreover, evolved plants and animals 
that are suited to very diverse environments. The original an- 
cestors of present-day plants and animals must have been very 
simple indeed as compared with the most complex of their modern 
descendants. 

The general similarity of protoplasm in physical structure, 
chemical composition, and physiological responses certainly indi- 
cates that all protoplasm came from the same source. Moreover, 
the similarity of the phenomena of sexuality and inheritance 
argues for a relationship of all higher animals and plants. 

Evidence of change. In connection with the evolution of plants 
there are two main questions which require consideration. First, 
are the plants of our present flora the result of a process of evolu- 
tion? Second, assuming that they are, what has been the nature 
and cause of this process? We will first consider the proof that 
evolution has taken place in plants. 

Plants at the present time undergo mutation ; in other words, 
they change. We have seen that these mutations are due to changes 
in chromosomes and that the characters which result from muta- 
tions are inherited in Mendel ian fashion. This proves at once that 
organisms can change or undergo evolution. 

We next have to determine the extent to which they may evolve 
or have evolved. Fossil records, comparative morphology, and 
geographical distribution are probably the most important lines 
of evidence for evolution in plants ; and one can realize the com- 
pleteness of this evidence only after making a thorough study of 
' these subjects. The evidence for evolution is not, however, con- 
fined to these, as all the fields of biology afford striking evidence. 
The more one knows of biology the more complete the evidence 
becomes. 

Geological evidence. In previous chapters we have traced the 
record of fossil plants from very early times to the present. In the 
last chapter the evidence was summarized. It showed that in very 
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early times the plants were exceedingly simple, and that as time 
passed they become more and more complex until finally the pres- 
ent very highly developed floras appeared. We also saw that the 
plants of one age or period graded into those of the next in such a 
way that the only reasonable explanation was that the plants of 
one age were derived by gradual change from those of the preced- 
ing age. In other words, there has been an evolution of plants 
throughout the long ages covered by the fossil record. 

Comparative morphology. When one examines the plants we 
know, both living and fossil, and tries to arrange them in an 
orderly sequence, he comes to exactly the same conclusion as he 
does from a consideration of the fossil record. This we have already 
learned. 

The most complex plants are characterized by having flowers 
and a complicated method of reproduction. Plants show many 
gradations, from single-celled plants without sexuality to the com- 
plex condition found in flowering plants. In some simple single- 
celled plants there is a fusion of similar cells ; in such cases there is 
no differentiation of sex. In various lines we have traced the evo- 
lution of sex. Some slightly higher types show an indication of the 
differentiation of sex. In more advanced forms there is a fusion of 
large and small gametes, while in still more progressive types there 
is a fertilization of eggs by spermatozoids. Between the simplest 
plants with eggs and spermatozoids and the flowering plants there 
are still many gradations of complexity in sexuality. 

Just as there are gradations in the development of sexuality, so 
also there are gradations in vegetative complexity. There are 
single-celled plants which not only lack sexuality but do not have a 
well-defined nucleus, and in which the photosynthetic coloring 
matter is diffused through the protoplasm instead of being con- 
tained in special plastids. In somewhat more highly developed 
types the whole plant consists of either a single cell or a group of 
similar cells with well-developed nuclei and chloroplasts. Between 
this simple vegetative structure and the differentiation character- 
istic of flowering plants there are many gradations. 

When we try to classify the various plants we find that they 
naturally fall into classes, the members of a class being alike in 
that they have certain common characteristics and differing from 
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plants of other groups in that they possess characters not found in 
those groups or lack characters which those possess. In classifying 
the members of a group it is natural to arrange them from the 
simplest to the more complex. When we do this and then try to 
arrange each group near to the groups which it is most like, we find 
that the whole system of classification takes the form of a branch- 
ing tree (Fig. 1038). Thus, the various higher orders of gymno- 
sperms point back to the CycadofilicaleSy and the Cycadofilicales to a 
femlike stock ; in the Pteridophyta we see a converging toward the 
Psilophytales ; in the green algae the three main lines of evolution 
converge toward a single-celled motile type such as Chlamydomo- 
ncLS. Comparative morphology and classification therefore indi- 
cate, as does paleobotany, that our present plants are the result 
of evolution, which in general has been from the simple to the more 
complex, and which during the course of time has produced a 
radiating development resulting in a great diversity of forms. 

In plants we find many structures which can be best explained 
as survivals from past ancestors. In the green algae, liverworts, 
and pteridophytes, fertilization is by means of motile spermato- 
zoids ; and in these plants the motility is very useful in enabling 
the spermatozoids to reach the egg.s in the archegonia. The pres- 
ence of flagellated spermatozoids in the simplest of the living seed 
plants, where the spermatozoids are carried to the archegonia by 
pollen tubes, can certainly be best explained as the survival of an 
ancestral characteristic. Perhaps equally striking is the occur- 
rence of prothallial cells in the male garnetophytes of Selaginella^ 
Cycas, and Pinus, Also noteworthy is the presence of the very 
evanescent ventral canal cells in Cycds and in Pinus, The ventral 
canal cell, in such cases, can be best interpreted as a remnant of the 
row of neck and ventral canal cells seen in liverworts and homos- 
porous pteridophytes, w^here it serves a real function in opening a 
way for the spermatozoid to pass through on its way to the egg. 
Very many such cases of relics are known in the plant kingdom. 

During their embryology plants often go through stages which 
indicate relationships. Many of these are too technical for present 
considerations, but some are quite striking. Leaves of many species 
of acacia are pinnate. In Australia, where acacias are very com- 
mon, there are a number of species, growing under very dry con- 
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ditions, whose leaves are highly modified in that a mature leaf has 
no blade, but the petiole is flattened and modified into a leaflike 
structure known as a phyllode. Acacias of this type show that 
they have been derived from the ordinary type of acacia because 
the first leat after the cotyledons is pinnate and similar in structure 
to the seedling leaves of an ordinary' acacia (Fig. 1039). Sometimes 
several leaves may be pinnate and there is a gradual change from 
the typical pinnate leaf to the phyllode condition. 

Geographical distribution. The 
present distribution of plants and 
animals can be explained only in the 
light of evolution. 

Many plants have excellent means 
of seed disix'rsal and are very widely 
distributed. Frequently these are 
recent and very successful species 
and give us little or no insight into 
the past history of plants. In gen- 
eral, however, high mountains or seas 
impose barriers which many plants 
and animals ciinnot cross very readily 
if at all. Hence species or groups 
of related species are often confined 
to one area or to a limited number 
of separate areas, and it is these species that give us the greatest 
information concerning the origin of plants and animals. 

From geological evidence we find that all the continents have 
had land connections in the past, and, moreover, that many land 
areas which at present are islands were formerly connected with 
continents or with other islands. The floras of different regions 
and islands frequently differ widely from each other, and in 
general this difference increases with the length of time during 
which the two areas have been separated from each other by bar- 
riers such as high mountains or seas. This is easily explained by 
the teachings of evolution. When there is communication between 
two contiguous areas, the plants and animals of the two areas are 
naturally interchanged. If later the two areas become separated, 
as by the submergence of land connections, the flora and fauna of 




Fig. 1039. Leaves of a species of 
Acacia 

On the left is the first Itiaf after 
the cotyledons; on the right Is 
a wimewhat older leaf in which 
the petiole is flattened and leaf- 
like and takes the place of the 
leaflets, (x 1) 
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each will continue their evolution separately. Owing to the method 
by which evolution takes place, it is not to be expected that the 
course of evolution will be the same in the two different localities, 
but rather that evolution will take place in a different direction in 
each. In this way the longer the two areas are separated the more 
distinctly different their 
faunas and floras be- 
come. Australia has been 
separated from the rest 
of the land areas of the 
world for long ages, and 
as a result its fauna and 
flora arc strikingly dif- 
ferent from those of the 
rest of the world. The 
great development of eu- 
calypts (Fig. 1040) and 
marsupials in Australia 
is well known. 

Summary of evidence. 

We are now in a position 
to make a final summary 
of the evidence as to ev- 
olution. We have seen 
that the hereditaiy^ make- 
up of plants changes 
through mutations. Ge- 
ological history, mor- 
phology and classifica- 
tion, and the geographic 
distribution of plants all combine to show that present floras are 
derived from those of the past through gradual change, and that 
there has been a development through evolution from a very 
simple beginning to great diversity and complexity. Jn other 
words, the evidence is that the plant kingdom, as we know it today, 
has been developed through the process of organic evolution. 

Means of evolution. We have seen that the evidence shows that 
plants have developed through evolution ; it now remains to m- 
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quire as to the causes and means of* evolution. Here again the 
inquiry involves the answer to two questions. What has been the 
cause of the variations which have resulted in evolution, and what 
has preserved and accumulated these variations? We can answer 
the first question very simply by saying that the variations are the 
result of mutations, which are due to changes in the chromosomes. 
This much we know, and this subject has been considered in con- 
nection with heredity. The cause of these changes is a different 
matter, and we have already seen that our knowledge of this sub- 
ject is in an unsatisfactory state. However, it has only been in 
comparatively recent times that we have realized that hereditary 
changes are due to mutations, or that we have found that muta- 
tions are due to changes in chromosomes. The cause of these 
changes is a subject of very great interest and active investigation 
at present. In the following paragraphs we will consider the means 
by which changes brought about by mutations have been conserved 
and combined in the evolution of plants. 

Natural selection. The method of improving cultivated plants 
has been that of selection, which may or may not have been ac- 
companied by hybridization. Not only is selection the method of 
improvement, but continued selection is frequently necessary if 
the best qualities of cultivated plants are to be maintained. Natu- 
rally all injurious mutations should be eliminated, as should all 
undesirable individuals resulting from hybridization. 

Since selection plays such a prominent part in the growing of 
cultivated plants and domestic animals, it is not surprising that in 
nature too plants and animals are subject to a process of selection. 
This selection by nature is called natural selection^ to distinguish it 
from artificial selection, or selection by man. 

Struggle for existence. Observation of natural conditions indi- 
cates very clearly that, except where man has interfered, a given 
area contains about as many plants and animals as it can sup- 
port. On the average, then, each plant produces one offspring 
which reaches maturity and takes the place of its parent. Every ' 
mature plant, however, produces many seeds, each of which con- 
tains a young plant. If all the seeds produced by one plant and its 
descendants should come to maturity, the descendants would soon 
be numerous enough to cover the earth. Likewise, if all the de- 
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scendants of a pair of animals lived to old age there would be 
enough of them to populate the earth in a short time. Natural 
selection results from the facts that a given region is fully occupied 
by plants and animals, that these give rise to many offspring, and 
that, owing to competition, only a small proportion of the offspring 
can grow up and in turn leave descendants. 

Owing to the large number of offspring produced, there is 
necessarily competition between the offspring and also between 
these and their parent. There is competition not only between 
individuals of the same species but also between different species. 
This competition is the so-called struggle for existence. In the 
case of animals it is perhaps easier to visualize than in the case of 
plants. There is, however, just as true competition between plants 
as between animals. Every farmer knows that it is necessary to 
keep down the competition between w^eeds and his crop plants by 
destroying the >veeds. Otherwise the w^eeds w^ould be successful 
and the crops would disappear. 

Survival of the fittest. In the competition between plants and 
between animals chance plays a considerable part. For example, 
many seeds never reach situations where it is possible for them 
to germinate. Nevertheless it is true that in general those indi- 
viduals that are best adapted to their environment and for with- 
standing competition will survive. In other words, competition 
results in the survival of the fittest. By this w^e do not mean 
the survival of those which are more pleasing or more useful 
to mankind, but those which are best fitted to live under the 
conditions of their environment and to withstand competition. 
The survival of the fittest might just as w^ell be termed "the 
elimination of the unfit," as what really happens is that the 
unfit are eliminated. 

In natural selection it is those plants that are not fitted to their 
environment or for withstanding competition that are eliminated, 
while in artificial selection the plants that are discarded are those 
thought to be least serviceable to mankind. It frequently happens, 
therefore, that mutations which would be selected and thus pre- 
served by man are very different from those which are preserved 
by natural selection. Such a mutation as a seedless orange is 
desirable from the standpoint of man but could not continue to 
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exist in nature. From the standpoint of a plant subject to natural 
selection, many seeds and a comparatively small amount of pulp 
are favorable characters. 

In nature variegated leaves with white areas resulting from 
a lack of chlorophyll would be a disadvantage, as the material 
used in constructing these areas would be wasted as far as the 
chief function of the leaves is concerned. From the standpoint 
of artificial selection such plants are freciuently desirable on ac- 
count of their ornamental value. In nature such variegated leaves 
are very rare, but they are very common in cultivation. 

Under natural conditions any mutation the result of which is 
unfavorable to the preservation of the species will be eliminated 
by natural selection, but there is a tendency for favorable muta- 
tions to be preserved. 

J’rom the foregoing di.scussion it is easy to understand why 
many of our cultivated plants cannot survive when left to them- 
selves: it is also evident why plants seem thoroughly adapted 
to their environment. 

Significance of sexuality. The value of sexuality is a subject 
about which there has been much dispute. All species of higher 
animals are composed of males and female.s. This results in the 
production of only half as many offspring as there would if 
the animals were bisexual or reproduced by a vegetative process. 
The great majority of seed plants also reproduce sexually. More- 
over, most of them are fitted with some device to insure cross- 
pollination. Considering that plants are subject to a rigorous 
natural selection, and that still the majority reproduce sexually, 
it would seem that this method must afford a real advantage. 

Yet certainly neither cross-fertilization nor even a sexual 
process is necessary for successful reproduction. Among the lower 
animals there are bisexual species and also species in which the 
eggs develop without fertilization. Both these types of animals 
seem vigorous and successful. There are numerous seed plants 
in which a sexual fusion is unknown and which produce fertile* 
seeds. This may result cither from the development of eggs with- 
out fertilization or from the growth of a vegetative cell into the 
embryo sac and its subsequent development into an embryo. As 
has been previously pointed out, plants which are reproduced 
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Vegetatively or which are habitually self-fertilized seem as vigorous 
as those that are reproduced sexually. 

While the sexual process is thus not necessary for successful 
reproduction, this method does afford great advantage in the 
production of variations upon which natural selection can act. 
If a favorable mutation appeared in an individual of a species 
and another favorable mutation in another individual, these two 
mutations could be combined only as a result of the sexual process. 
One advantage of the sexual process would seem to be the produc- 
tion of new types of individuals which may be better fitted to 
survive. 

Course of evolution. From what has been said about the causes 
of evolution it will be evident that evolution does not follow a 
straight line; its course is a branching one. A diagrammatic 
representation of the course of evolution is therefore drawn as we 
should draw the branches of a tree, rather than as a straight line. 
Because one form has given rise to a second form it does not follow 
that the first form will continue to exist unchanged or will ever 
again give rise to that second f(»rm. The evidence from geographi- 
cal distribution supfH)rts the idea that the evolution of a given form 
will produce different results in different times and places. When 
two regions with similar floras and faunas become separated, their 
floras and faunas develop along different lines, and the differences 
increase with the length of time the two areas are separated. We 
sometimes hear the question, If lower forms gave rise to certain 
higher forms in the past, why do they not continue to do so? In 
the first place, the ancestors of the higher forms are, for the most 
part, dead. In the second place, the evolution from one form to a 
very different form requires the combination of a great many cir- 
cumstances acting through a long period of time, and it is not to 
be expected that all these conditions will ever exist more than once. 

In view of the above, what is the relation between the simpler 
and the more complex plants that exist today? This question 
can be answered by a hypothetical example. We will start with 
a very ancient and simple plant which we will call A. We will 
suppose that this plant gave rise to tw’o different forms, B and 
C, which were naturally very much like their parent A. B and C 
were better fitted to their environment than .4, and in the course 
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of time A died out and disappeared, while B and C both survived. 
B was very thoroughly adapted to its environment, and it con- 
tinued to exist through long ages and is a component of our pres- 
ent flora. Either C was less fitted for its environment or for some 
other reason it underwent further evolution, so that it gave rise to 
form D, which in turn produced E, etc. As a descendant of E we 
have a living form, X, which is very different indeed from the 
parent form A and very much more complex. Now the relation- 
ship between X and B is clear. X is not a descendant of B, and B is 
very clearly not a descendant of X. X is, however, a descendant of 
A, which was very similar to B, so that we can say that, while X is 
not a descendant of B, it is a descendant of a form very similar 
to B. It seems very improbable that there still exist many, if any, 
of the forms of plants which were the direct ancestors of modem 
flowering plants, but it appears certain that many living forms are 
very similar to certain ancestral stages. 

It does not follow that because a plant has a simple structure 
it is at a disadvantage as compared with more complex plants. 
Just as many trees are fitted for growing in the open, so many 
mosses are fitted for growing on trees, and many one-celled plants 
for floating in water. 

Evolution and natural law. Organic evolution is simply the 
orderly working of a natural law. Just as a geologist studies 
changes in the surface of the earth brought about by the opera- 
tion of natural law, and the astronomer contemplates the evolution 
of suns, solar systems, galaxies, and supergalaxies, so the botanist 
sees in the development of the plant kingdom the orderly working 
of the natural law of evolution. By unraveling the law of organic 
evolution the botanist has done much to make our useful plants 
still more useful. He has been so successful at this that he is in no 
small measure responsible for the recent great increase in the yield 
of agricultural products. 



INDEX 


Abacd (Manila hemp), 146, 153 
Absoiption, by leaves, 108 ff . ; by pro- 
toplasm, 24 ; by roots, 6, 108, 204 ; 
by root hairs, 21 1 ft. ; by stem, 
193, 197 ; and water in soil, 217 
Acacia, 284 f. ; leaves of, 844 
Acanthosporea therii, 558 
Acanthus ilicifolius, leaf of, 112 
Acetabularia, 498 ; mediterraneum, 496 
Achene, 301, 305, 312 
Achenial fruits, ^ 

Acid-fast particles, 374 
Acnuired characters, 351 
Adaer’s-tongue, 748 
Adhesive fruits, 316 
Adventitious buds, 126 f. 

Aecia, 640 f. 

Aeciospores, 638 flf. 

Aeration, 80, 106 f. ; in floating plants, 
263; in swamp plants, 2^; in 
Rhizophara, 264 fl. 

Aerial roots, 204 ff., 227, 231, 255 
Aerobic bacteria, 381 
Agaricaceae, 623, 630 f. 

Agaricus campestris, 631 
Agathis, 787 ; alba, 797 
Agave, 146, 212 

Agave cantula, leaf of, 93; water- 
storage tissue in. 111; soleren- 
chyma flbers of, 134 
Ages, geological, 368 
Aggregate fruits, 294 ff., 297 
Air, components of, 8; in soil, 210 
Akinetes, 445 
Alaria, 536 
Albugo. 583 ff. 

Alcohol, 609 

Algae, 362; blue-green, 362, 370, 
391 ff. ; brown, 525 ff. ; in Cambrian 
period, 370, 822 f. ; and flagellates, 
407; in fresh water, 262; green, 
413 ff. ; in lichens, 649 f. ; mdrsilo- 
phytalee, 700; red, 548 ff.; in sea, 
261 f. 

Allelomorphs, 339 
Alpine m^ow, 250 ff . 

Alternate leaves^ 122 ff. ; divergence 
of, 123 ff. 


Alternation of generations, 362: in 
Bryophyta, 657 ff. ; in conifers, 
808; in cycads, 768 f.; in Equi- 
8etum,7l5; in ferns, 696; in Fucus, 
545 f. ; in Laminariales, 537 f. ; in 
Pdysiphonia, 561 f. ; in red algae, 
553 f.; in SelagineUa, 738; types 
of, 527; in Ulva, 449 f. 

Amanita, 531 ; phaUoides, 625. 

Amino acids, 62 f. 

Ammonia, 218, 385 
Amoebozygotes, 568 
Amyloplasts, 26, 59 
Anabaena, 396, 398, 400 
Anaerobic bacteria, 381 
Anaerobic respiration, 79 
Anaphase, 326, 329 
Anchorage, 197, 204 f., 211 
Androspores, 4^ f., 7M 
Angiosj^rms, 14, 261, 363, 756 ff., 
813 ff. ; ancestry of, 8^ f. ; in 
Cretaceous perfcxi, 370, 8^f. ; 
endosperm of, 817 ; flowers of, 
269 ff., 814 f. ; male gametonhyte 
and fertilization of, 816 f.; oldest, 
370, 818 ff. ; ovule and female game- 
tophyte of, 815 f.; seed of, 818; 
sporophjie of, 814 
Animals, comparison with plants, 
4 ff. ; dispersal of seed by, 312 ff. ; 
importance of photosynthesis to, 
53; relation of narollates to, 411 ; 
resemblance of Myxomyceies to, 
566, 571 ; similarity of carnivorous 
plants to, 73 f. 

Annual rings, 161 ff. 

Annuals, 13 
Annular vessels, 135 
Anther, 6f., 271 f.: of Caylonuiles, 
819; and cross-pollination, 279 f. 
Antheridium, 452, 455, 463 ; of 
Anihoceroe, 672; of AscibbLus 
magnificus, 604; of Bryaks, 679; 
of Cycadofilicales, 775; of a fern, 
691 f . ; of Fucus, 544 ; of Funaria, 
678; of Isoetes, 740; of liverwort, 
655; of Lyoowdium, 724; of Mar- 
chantia, 6o4 ff.; of a moss, 678; of 
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NemeUion^ 556; of Potysipkonia^ 
559 ff. ; of powdery mildews, 612 f . ; 
of Pyronetna confluens^ 599 ff . ; of 
Saprolegniat 580; of SelagineUd^ 
733 f. ; of Sphaerotheca castagnei^ 
6t2 

AtithoceraSf 668, 670; antheridia ttf, 
672; thallus of, 670 f . 
AnJhocerotalcs, 659, 668, 670; and 
Sphamiunu 677 
Antil>ody, 388 
Antipodal, 289 
Antitoxins, 388 
Aphanothecey 392 
Apical growth, 117 f. 

A piocystis, 439 f . 

Apothecium, 605 f. 

Aquatic plants, 10, 261 ff . ; aeration 
of, 80, 108, 236; leaves of, 33, 106, 
109 

Archaeopteris hihernicn^ 747 
Archegonium, 653 ff . ; of Bripiles^ 
679; of Cycas, 762; of Cyctis rum- 
phii, 7t)4; of Dumn^ 71^1; <»f 
Equisdurn, 713; of a fern, 693; of 
Ginkgo, 793, 795 ; of gymnosperms, 
756; of !»o€les, 740: of Juniperus 
communis, 806; of Lyminhlium, 
724 ; of Marchontia, (>64 ff . ; of 
moss, 674, 679 f. ; of pine, 802 f . ; 
of Pyrnnema conftuens, 599; of 
Riccia, 656, 660, 6t)2; of Selngi- 
neUa, 734 ; of Sphagnum, 076 
Archeozoic tK»ri(»d, 367 
Arcyria, 569 
Aril, 298 f. 

AriMolochia elegans, 129, 132, 314 
Aroids, corms of, 202; flowers of, 
279, 285; vines, 239 
Artichoke, 279 

Asci, 597 r, 602; of AspergiUiut and 
Penicillium, (ill; formation of, 
602 ff.; of llemiascomyceies, 606; 
of powdciT mildews, 614; of Pyro- 
nema confiuens, 598 
Ascocarp, 598, 603: appendages of, 
614; of Aspergiutm and PenieiU 
Hum, 610; of Pezhalen, 606; of 
powdery mildews, 614; of Pj/ro- 
nma confluem, 598, &)0 
Ascogonium, (500 f.; of Ascobfdm, 
604 f.; of fK>wderv mildews, 614 f, 
Ancomycetes, 578, 582; and Jinmdio- 
myceten, 620, 629; characteristics 
of, 597, (505; in lichens, (552; with 
open perithecia, 615; origin of, 
606, 617 if. ; parasitic, 614 ; types 


of, 610 f. ; and Zygomycetes, 594 f., 
606 f. 

Asexual reproduction, 268 f. 
Asper^llus, 610 f. 

Assimilation, 48 ff. 

Asteroxylon, 704 ff., 709; and Ly~ 
co^HHlium, 723, 729 
Atmospheric pressure, 157 
Attraction of insects by leaves, 110 
A uricnUiria, 635 ff . 

A uricnlariales, 634, (537 
Autotrophic bacteria, 377 f. 
Auhttrophic pknts, 66 
Auxo8|>on‘, 519 f. 

Axillary branches, 126 
Aznitytmcier, 381 

Hacillarienv, 517 ff. 

Bacillus, 371 ff.; amylobacier, 381; 
anthracis, 372, 377 ; fxHulinus, 377 ; 
csUaificans, 376; rndicicola, 381 f.; 
tetani, 372, 377; irclchii, 377 
Bacteria, 362, 370 If. ; anaerobic 
and aerobic, 381 ; in Archeozoic 
])eri<Ml, 822; autotn)phic, 377 f.; 
chang(*s in fornj of, 377 ; and dettay, 
38:1 ; and disciisi^ 372, 377, 386 ff. ; 
foiKl of rnyxarnocba, 608; hetero- 
trophic, 380; in industry, 388 f.; 
nitrite and nitrate, 379 f. ; nitrogen- 
fixing, 380 f.; nutrition of, 377 f.; 
oxidizing inm, 380; relationship 
of, 389 f. ; reprcKluction of, 375 ff. ; 
in soil, 218, 381 ; structure of, 
371 ff.; sulfur, 378 f.; symbiotic 
nitrogen-fixing, 381 f. 
Bacteriochlorin, bticieriopurpurin, 379 
Baeycr, hy|x>the8is of photosynthesis, 
49 

Bniern, leaves of, 792 
Bald cypress, 236, 837 
Balsam, fniit of, 

Banana, fidse trunk of, 104 ; fruit of, 
3(K3 ; leaf of, 43 ; plant, 103 
Bnngiales, 563 ff. 

Barlxjrry and Puccinia graminis, 638, 
641 f. 

Bark, 159, 168 ff. ; of fjepidodendron, 
743 ; of Sipillnria, 744 
Barley, starch grains of, 66 
Base of leaf, 29 

Bwndiomycetes, 678, 682, 006 : bracket 
and stipitate, 508, 623: character- 
istics of, 620 f.j conidia of, 619; 
h 3 ^hae of, 626 r . ; in lichens, 662 
origin of, 629 f. ; subdivision of, 
620 f. 
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Basidio8p)re, 620 ff., 642 f. ; forma- 
tion ot, 629 ; germination of, 629 ; 
of Puccinia graminisj 638 
Basidium, 620; formation of, 627 f., 
630; septate, of HeternbasidioTnycc- 
tes, 634 

Bast 6i>ers, 161 
Batrachoitfjermumt 556 ff. 

Hauhinuif 173 
Beggiatoa^ 378 f. 

Beril)eri, 64 

Berries, 3(X), 302 f . ; 300 
lietcd-nut palm, hemirelliilose in seed 
of, 60 

Bicollateral bundles, 139 
Biennials, 13 
Bipinnate leaf, 42 f. 

Birch, 249, 278 

Bisexual flowtTS, 273; cross-pollina- 
tion in, 279 
Black fungi, 615 f. 

Bladders, animal-catching, of Vtricu- 
tenVi, 73 

Bhule of leaf, 2^1 ff., 746, 777 
BluelHTry, twigs of, 180 
Bhie-grecm algm', 3tV2, 370, 391 ff., 
401 ff. ; branching <»f, 397 ; cell 
structure of, 392 fT. ; characteri.s- 
tics of, 391 ff.; distribution of, 
399 f.; in lichens, 649; movement 
of, 398 f. ; in l*al<H»zoic age, 824 ; 
and rtMl algae, 5(^; re]m\sentative 
forms of, 4(X)f.; repnaluction of, 
397 f. 

Boletaceae, 623, 625 
Both rotieiuiron ,741 
Botrydium^ 511, 515 
Bnwc nM)t8, 230 f. 

Bmcts, lOH, no, 115, 295, 302; of 
Cycadeoideay 782 f. ; of William- 
soniVi, 786 
Branch roots, 225 f. 

Branches, adventitious, 127; age of, 
120; id Asteroxylon,7m; .ixillary, 
126; of LepidotUmdron, 742; of 
pine, 799 ; of Sigillario, 743 
Branching, deliquescent, 126; excur- 
rent, 125 f. 

Breeding, acc)uired characters, 351 ; 
continuous vitriations, 351 f.: 
hybrids, 352 f.; inbre^ing and 
outbreeding, 3^ ff . ; mutations, 
353 ff. 

BristHike hairs, 46 
Bromdiads, 10^ 112; epipl^c, 240 
Brown algae, 525 ff.; in Paleozoic 
age, 824 


Bryales, 678 ff.; peristome of, 682; 

and Pieridophyta, 692 
Bryophyta, 361 f., 653 ff. ; character- 
i.stics of, (553; and Pteridophytny 
684, 692, 694, 696, 707; sp^ro- 
phyt(?s and gametophytes of, 737 
Buckeve, bud of, 114 
Bud, fl9, 126 f., 176 
Bud scales, 115, 120 f. ; scars of, 120 f. 
Budding, 174 ff., 177 
Bulbs, 109, 111 
Bundle sheath, 145 
Bundle.*?, arrangement of, in com and 
sugarcane, 146; bicollateral, 139; 
collateral, 139; course of, 147; 
vascular, 134 
Buttress roots, 235, 242 

Cacti, water storage in, 203 
Palamitaceacy 715 ff. 

CalamiieSf 715 ff. 

PoUimophyton primnevum^ 720 f. 
Caleium, in fruits and vegetables, 64 
in soil, 214 

Caleium carbonate, 36; ball, 403; 
grantiles, 36 

Calcium oxalate crystals, 35 f., 214 
Calcium ix'ctate, 20, 214 
Calla lilv, 278, 279 
Callus, formation of, 171 
(^alvptra, (>IX) f., (576, 679, (581 
Calyx, 7, 2(>9 f., 27(5 f., 2<H5, 298, 302 
Cambium, 134, 137; activity of, 
l(X5 f., 1(54; in anomalous sec- 
omlary thickening, 172 ff.; callus 
from, 171 ; in ( ' ycadofilicnle^'i^ 771 ; 
formation of, 1.5Sff. ; in ixjtato, 
201 ; in root, 226 f., 233 f. 
Cambrian algae, S23 
Cnmptopteris spiral^, 834 
Canna, 30, 197, 284 
Capsules, 3(X), 303 ff., 309, 314 f , 317 ; 
of bacteria, 374 ; of Bryales^ 679 f. ; 
of Fumiria hygrometrieny 681 
Carbohydnites, eonqH>sition of, 21, 
57 ff.; in phhK*m, 154; in pro- 
toplasm, 21 ; as rt‘si>rve fooil, 57 
Carbon, in carlx)hvdnites, 57; and 
decomposition of celhili>8e, 384 f, ; 
nee<l(Hl by plant, 214; in proteins, 
21, 62; in respiration, 75; source 
of, 10 

Carlxm dioxide, and photosynthesis, 
5, 48 f., 52 ff.; and respiration, 
75 ff. ; source of, 2 
Carlx^n monoxide, in photo8)mthesis, 
49 



854 


The Plant Kingdom 


Carboniferous period, 370, 827 ff . ; 
CycadofiUcaies in, 769 ; Equisetineae 
in, 710, 715, 7^; ferns in, 746; 
Lycapodiineae in, 721, 740 if. 
Carnivorous plants, 69 ff . ; leaves of, 
109 f. 

Carotin, in algae, 525 ; in chlorophyll, 
50 ; in fruits and vegetables, 64 
Carpel, 277 f., 784; of angiosperms, 
814 f. ; of Caytoniale^t 818 
Carpospores, of red algae, 552 ff., 555 
Carteria^ 420 
Car\'opsis, 301 
Cashew, 299, 301 

Castor-oil plant, flowers of, 273 ; leaf 
of, 43 ; seed of, 307, 323 ; stem of, 
131 

Caauarina, 94, 127 
Catalysts, 65 
Catkin, 278 
Caxderpa, 491 ff. 

Cauliflower, root of, 572 
CaytoniaUs, 818 ff.; in Cretaceous 
period, 833 

Cdastraceae^ in Cretaceous period, 834 
Cell, 18 ff., 25, 27f., 35; auxiliar>% 
561 ; of bacteria, 373 : binucleate, 
62^ of blue-green algae, 393 ff.; 
of ChlamydoTnonaSf 415 f. ; chloren- 
chyma, ^ ff . ; collenchyma, 37 f. ; 
companion, 136 f., 758 ; function 
of, 18 ; spore mother, 657, 690, 754. 
762; pericentral, 561 ; thick- walled 
dead, 149; units of, 27 f. 

Cell inclusions, 374 
Cell wall, 18 ff.; of al|^, 423; of 
bacteria, 374 ; formation of, 329 f. 
Cellobiase, cellobiose, cellulase, 384 
Cellulose, 19, 60 ; decomposition of, 
384 f.; in desmids, 520; in Myxo- 
myceteSf 566 

Cenozoic period, 367, 835 ff . 

Censer mechanisms, 310 
Central body, 393 
CentrakBf 518 ff. 

Ceratium^ 523 

Chalazal end of nucellus, 288f. 

Cham, 503 ff. 

Characters, dominant, recessive, 340 f . 
Charale$, 504 ff . 

Cherry, 277 

Chlamydanumas, 413 ff., 498, 501 f. ; 
relationship of, 421, 429, 437, 443, 
475, 499, ; relatives of, 420 ff. ; 

rep^uction of, 416 ff.: structure 
of, 415 f. 

ChJardIa, 477 


Chlorench^ma, 33; compactness of, 
91 ff. ; m cortex, 131 ; drying of, 
97 ; effect of sun on, 94 ; palisMe, 
34; spongy, 34 f.; and transpira- 
tion, w f . ; and vein, 40 
Chlorococcalea, 474 ff., 494 
ChUrroganium, 422 

Chlorophyll, in chloroplasts, 26: in 
flagellates, 408 f.; in green algae. 
413; in Lycopodium, 724; and 
photosynthesis, 5, 29, 52 ; in plants, 
50 ; in roots, 228, 230 
Chloroplasts, 26, 95 ; in cortex, 131 ; 
of desmids, 472; in ferns, 6^; in 
flagellates, 408; in green ai^, 
414 f., 422 ; in ^ard cells, 99 
Chromatids, 328 i.; in cross-overs, 
344 ; in meiosis, 333 f . 

Chromatin, 326 
Chromatophores, 409, 518 
Chromogen, 347 
Chromoplasts, 26 

Chromosomes, 328 f. ; and alterna- 
tion of generations, 658 f.; biva- 
lent, 333; and color inheritance, 
337 f. ; and fertilization, 331 ; ho- 
mologous, 332; individuality of, 
330 f. ; and meiosis, 332 ff. ; re- 
duction of, 331 f. ; and sex, 349 f. ; 
and segregation c»f factors, 338 f. 
Chryaophyceae, 516 fj colonial, 514; 

and diatoms, 520 ff. 

Chrysophyta, 508 ff., 513 ff. 
Chyiriauuea, 578, 5^ 

Cissus, host of Rafflena, 11, 183 
Citrus, flower of, 270; fruit of, 298, 
301, 303; leaf of, 103; spines of, 
203; veins of leaf, 41 
Cladonia, }uTcaia, 648; ranffiferina, 
652 ; verticUkUa, 649 
Cladophora, 457 f . 

Cladophyll, of MymphyUum, 198 
Clamp, in reproduction of fungi, 625 
Clathropteris, 833 
Clavariaceae, 622 
Clavicepa purpurea, 614 ff. 

Clay 215 ff. 

Cleft grafting, 176 f. 

Climbers, 193 ff. 

ClosUfrium, 472, 474 
Clostridium, Sm Bacittus 
Clover, red, long-day plant, 181 
Clubroosses, 362, 684, 721 ff. 

Coal, 2, 678 
Coca, 1^ of, 39 
Coccus forms, 37L|« 

Cockscomb, 182 
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Coconut, 126, 165, 312, 322 
Coelastrumt 394, 482 f. 

Coenocytic green algae, 485 ff. 

Coffee and rust, 644 
Cohesion, 157 
Coleochaele^ 451 ff. 

Coleoptiles, phototropic responses in, 
188 ff. 

Collateral bundles, 139 
Collective fruits, 2i94 ff. 

Collenchyma, 37 ff.; of cortex, 129; 
in cylinder form, 152f. ; in four- 
cornered stem, IWf. ; function of, 
133, 148; in leaves, 150 
Colloidal di8|)ersion, 21 f. 

Colloids, 22 f., 66; hydration of, 82; 

and imbibition, 85 
Colocasia. See Taro 
Colonial green algae, 431, 437, 477 
Color inheritance, 335 ff. 

Columella, 566, 571; of Anthoceros^ 
668 ; of BrynUjt, 6W) 

Comp-anion cells, 136 f., 758 
Complementary factors, 345 ff. 
CompositaCj 59, 286 
Compound leaf, 42 
Conceptaclcs, 543 
Conducting system, 40 f. 

Cone, of ConiferaleSf 798; of Cor- 
daitales^ 788; of Cycxuleoidea, 782, 
784 ; of Cyaia, 7tl6 f. ; of pine, 806, 
804 f . ; of iri7/iViwwoma, 786 ; of 
WiUiamsoniella^ 787 ; of Zamia, 
760 f. 

Conidia, 5H4; of Ascomycetes, 598; 
of AspergilluSt 610 f,; of Basuluh- 
w/ycc/cs, 619; of PcmriWfam, 611 ; 
of powdery mildews, 61 1 f. ; of 
Zygomycetes^ 593 f. 

C^muliophores, 584, 594; of Anper- 
gilhis^ 610 

Coniferales^ 795 ff. ; alternation of 
genemtions in, SOS; distribution 
of, 810 f. ; leaves of, 796 ; in Meso- 
zoic iHjriiHl, 833; ndationship of, 
810; s|K>rangia of, 798; stem of, 
796, 798 

Coniferous forests, 246 ff. 

ConjugaUn, 466 ff. ; rehitionship of, 
473, 498 f. ; and Zygomycetes^ 592 
ConjugaUnl proteins, 62 f. 
Conjugation, lateral, 470; of Spiro- 
gyrOf 469 
Com tree, 164 ff. 

Cordnitnles, 787 ff. ; and Conifercdes, 
791, 810; and CycadofilicaleSf 
790 f.; and Oinkgoal^, 791, 795 f. 


Cordyceps militarise 614 
Cork, 20, 168 f.; from phellogen, 
170; protection of leaf scars by, 171 
0)rms, 202 

Com, 16; brace nwts of, 231; hy- 
brid vigor in, 357; inheritance in, 
346; leaf of, 42; pollination in, 
281 ; seedling of, 321 ; starch grains 
of, 51 ; stem of, 144 
Corn smut, 646 f. 

Corolla, 269, 276 f., 286, 296 
Cortex, 128 ff.; of Euphorbia tiru- 
caUiy 197 ; passage of water 
through, 211 f.; of PsilophytaleSe 
700; secondary, 174; in roots, 
219 ff., 223 ff., 236 
Corticium, 621, 626 
Corymb, 279 

Cotyledon, 127 f., 307 ; in germina- 
tion, 324 f. 

Cretaceous period, 370, 833 ff. 
Cross-over, 344 

Cros8-|^K)llination, 279 ff., 358, 360 
Cucumber, 278, 306 
Cucurbita, See Pumpkin, Squash 
Cultivation, 218 
Cumulative factors, 347 ff. 

Cupule, of Lyginopttris oldhamiae 776 
Currants, and rusts, 643 
Cuscuta, 67 ; haustoria and host of, 
68 

Cuticle, 20; of epidermis of leaf, 32 

Cuticular transpiration, 86 

Cut in, 20; in epidermis of leaf, 32; 

effect of on transpiration, 93 
CutlcHae 527, 531 ff. 

CutlerinleSe 531 ff. 

Cycadaceaej 779 

Cycadales, 779 ff. ; characteristics of, 
779; and ( miferaleSe 810; fiagel- 
latcil spermatozoids of, 807 ; fossil, 
781 ff.; origin of, 780 f.; p>.illen 
tulK?s in, 781 

Cycadeoideae 782 ff. ; and angiosperms, 
820 ; 8trol>ilu8 i>f, 782 ff. 
Cycadofilicahse 769 ff. ; and angio- 
8|)erm8, 820 ; characteristics of. 
769 ff. ; and CotiiferaleSe 810 ; and 
CordaitaleSe 790 f. ; and CycaMles, 
780; I>evonian, 826; in evolution, 
842 ; Lf^nopteris obihamiOe 775 f. ; 
relationship of, 776: reproduction 
of, 773 ff . ; seed haoit of, 777 ff. ; 
stems of, 771 ff. 

Cycadoohytes, 781 ff. : in Cretaoeaus 

f rioa, 835; Cyoadeoidea, T^ff.; 
iUiamsoniae 786 f. 



856 


The Plant 


Cycas^ 757 ff. ; alternation of ^nera- 
tions in, 768 f.; distribution of, 
810: leaves of, 781; male pro- 
thallus of, 764 ff., 842 ; ovule of, 
762; seed of, 766 f.; sporophylls 
of, 767, 759 f., 762 
Cyme. 278 
Cystoliths, 36 f. 

Cytoplasm, 23, 292, 329, 466 

Dahlia, 235 

Decay, in trees, 174, 176 
Deciduous forests, 243 ff. 

Deciduous leaves and transpiration, 
97 

Decomposition, 383 f . ; and carbon 
cycle, .384 f.; and nitrogen cycle, 3S5 
Dehiscent fruits, 300 
Denitrification, 382, 385 
Deserts, 258 ff. 

Desmids, 471 ff.: and diatoms, 520 ff. 
Devonian perioti; 370, 824 ff . ; Cyca- 
dofilicales in, 769; Equisetineae in, 
710, 715, 7^f. ; Psilophytales in, 
700, 729; possible Psilotales in, 710 
Diaphototropism, 186 ff. 

Diastase, 65 f. 

Diatoms, 608, 617 ff. 

Dicaryon, 601, 624, 629 
Dicotyledons, 127 f., 814; cambium 
in vascular bundles of, 158 ; defini- 
tion of, 32, 307; flowers of, 128; 
history of, 814 ; leaves of, 30, 32, 41 ; 
roots of, 219 ff. ; stem of, 1 17, 143 
Dietyota^ 527, 539 ff. 

Diffusion, of gases, 34 f., 48 f., 76 f. ; 
of liquid solutions, 82 f ., 89 f ., 2 1 3 f . ; 
of water vapor, 157 f. 

Digestion, 65 f. ; in carnivorous 
plants, 69 ff.; in flagellates, 408; 
m myxamoeba, 568, 571 
Dioecious plants, 275 
Dionaea rmufcipula, 71 f. 

Diplococci, 375 
Diploid number, 449 
Dipodaseust 606 ; aUndus, 608 
DicAccharidcs, 58 

Diseases, causes of, 386; of plants, 
386, 576, 678, 611 f., 638 ff. 
Dissemination of seed, 309 ff. 
Dogwood, 107 
Dominance, 339 ff. 

Draeamat secondary thickening in, 
173 f. 

DraparnMia, 446 f . 

Drupes, 300, 302, 306 
Dry fruits. 300, 312 
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Earth, age of, 368 I j! 

Ectocarpus, 527 ff. | :!i 

Egg, 6; fertilization of^ 7, 331; in 
ovule, 272i 289 

Eggplant, 4; flower of, 6; leaf of, 30 
Elephant ’s-ear, 153, 2851 ; J 

Elfin wood, 250. 252, 253 f- ’ 

Elm, branch |of, 120 | ! !: 

Elodea caruukusiSf apex of, 178 
Elongation ih roots, 208 
Embryo, 7, 292 f., 307 5; ofliiCycos, 
766 f. ; of ipine, 807 ff. ; i 
Embryo sac, 289, 291 f., 308,! 816; of 
orchid, 81:7 : ^ 

Empundf 595 ! f. 

Emulsion, emulsoid, 22 ■ ; !: 

Endocarp, !^J4, 302 |i 

Endodermisj 129 ; in roots, 2^ ff. 
Endo8j)erm,: 292, 307, 817; inl germi- 
nation, 3^4f. I i ; 

Endo8i)erm nucleus, 292^ 817 I j 
Endosi)ore8,|i 376 ! Il 

Energ>\ in; | autotrophic l^cteria, 
377 ft. ; fi^bm fats, ti) ;| in germina- 
tion, 323 ; in heterotrbphic jplants, 
67; in lifting water, II 5(i ffij; and 
photosyntlliesis, 50, 54, 56 j; from 
respiration! 75 f. :I 

EnteroMnutk mniarit 43 ; deliquescent 
crown of, 127 ; flower' of, 2^ ; leaf 
of, 55, 113 ! ; i;:! 

ErUerontorphay 450 i 

EfUonwphthktaceaey 595 f. 

Enzymes, in; Carnembert; cheese, 611 ; 
in digestion, 65 f. ; pijoducing pig- 
ments, 347! Ill 

Ephedra f 811 f. 1 i: 

Epidermis, 38 f., 92, 95 ; effect;! of sun 
on, 94 ; function of, 93, 96 ;l |bf leaf, 
32 f. ; of|| ; p8ilophytale»^ 7(^ ; of 
root, 219;' of stem, l28 f. ; surface 
of, 33 ; i ^ ; li; 

Epigynous flower, 276, 277 I 
Epiphytic plants, 10; aerial; roots 
of, 205; in forests, 240, 252, 264; 
pocket leaves of, 112; water stor- 
age in, 202 f.. 240 i 

Equinelaleiif in l^evoniani peri< 4 t 826 ; 

in Triassic I period, 832 ili 
Equiselirieael 710 ff., 826; and 
laoeies, 740 ; and Lyed^iuritf 728*; 
relationship of, 720 f. 

Equisetumf 710 ff. ; alternation I^ gen- 
erations ili, 715; prothallusqf, 713; 
sfiorophytes of, 713 
Erosion, 365 ff. 

Essential oilik 142, 286 I 
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Etiolation, 190 f. 

EubasidtomyceteSf 620, 629 ; and iiu- 
ricularialesy 637 
Eucalyptus, 41, 825 
Eudoriruiy 433 f. 

Eugleruiy 406, 409 ff. 

Euptiorbiay 107 ; flowering of, 182, 
282 ; habit of, 196, 260 ; latex tubes 
of, 141 f. ; stem of. 196 f. 
Eu8pf>rangiate ferns, 748, 750 
EvafK)ration, effect of on distribution 
of plants, 95 f.; and light, 182; 
rate of, 9, 100 f. 

Evolution, 839 ff.; of green algae, 
499 ff. 

Excretion, 24 

Excurrent branching, 125 f. 

Exocarp, 294 

Explosive mechanisms, 3! 7 
Eyps|K)t , in ( hlamydomonaSy 415, 
422 ; in flagellates, 410 f. ; in green 
algae, 423 

Factors, 335 ff., 345 ff. 

Families, 14, 3^ 

Fasciation, 184 

Fats and oils, in bacteria, 374; in 
blue-green algae, 394; in brown 
algae, 526; in ChrymphytOy 510, 
522; com|K)8ition of, 60; energy 
from, 63; oxidation of, 60: in 
protoplasm, 21 ; iis reserve lood, 
57 ; in seeds, 61 ff. 

Feathery ap|)endiige8, 309 f . 

Ferns, 362, 684 ff, ; antheridium of, 
691 f. ; archegonium of, 693 f. ; 
eusjx>rangiate and leptosporangi- 
ate, 948 ff.; fertilization of, 695; 
FUicinea^y 696, 745 ff. ; history of, 
746 ff. ; and IsoeteSy 740 ; leaf of, 
699 ; in Mesozoic |>eri<Ki, 833 ; pro- 
thallus of, 691, 696; relationship 
of, 752; root of, 699; s|X)rangium 
of, 685, 689 f. ; s^wre of, 690; 8|>oro- 
phyte of, 685 f., 688 ff.; stele of, 
690 ; vascular bundle of, 686 
Fertility of soil, 218, 381 
Fert ilization, 7, 273, 279 ff., 287. 292 f . ; 
of angiosperms, 816 f.‘ ana chro- 
mosomes, 331 ; cross-fertilization, 
279 ff., 3^, 360 ; of CvcadcfilicaleBy 
773; of Cycasy 764 f.: of ferns, 
694 f. ; of Gtnkgoy 795 ; of Hepaticae, 
656 ; of Lucopadiumy 724 f . ; of Mar- 
charUia, 664; of pine, 804 ff.: of 
S^agineUa, TMy 738 ; self-fertiliza- 
tion, 358 ff. ; of SpermaiophyUiy 756 


FicuSy prop roots of, 231 

Ficus dasticay cystolith in leaf of, 37 ; 

roots of, 2^; stipules of. 111 
Fig, 299, 303; strangling, 230, 232, 
242 

Filaments, 7, 272 ; of red algae, 555 
Filamentous algae, 441 ff. 

Films of water in soil, 216 
Flagella, of algae, 438; of bacteria, 
373 ; of flagellates, 407 : of spores 
of Af yxfmycetesy 567 ; of spermato- 
zoids of Ginkgoy 795 
Flagellates, characteristics of, 406 ff. ; 
classification of, 412; relationship 
of, 410 f. 

Flanges, 149, 151 
Fleshy fruits, 301, 312 
Floating plants, 106, 261 ff. 

Flower, of angiosperms, 814 f. ; and 
fruit, 294 ff. ; function of, 6 ff., 2^ ; 
p<»l]ination of, 279 ff. ; structure of, 
269 ff . 

Flower stalk, 277 

Ftdiage, of coniferous forest, 246; of 
detdduous forest, 244 ff.; of rain 
forest, 240 f. 

Follicle, 300, 315 

Food, for germination, 322 f. ; human, 
63 ff., 388 f., 547, 616, 631, 637; 
storage of, 57, 132, 200 ff., 235 f.; 
temj>eratiu*e during storage of, 181 ; 
transportation of, 132, 136, 138, 154 
Forests, coniferous, 246 f., 248; de- 
ciduous, 243 ff. ; elfin, 250, 252, 

255 f . ; mangrt)ve-8W'amp, 264 ff. ; 
monsoon, 254 ff . ; mountain, 248 ff ., 
253; rain, 237 ff. ; xerophilous, 

256 f. 

Formaldehj’de, in phot4)s>mthesi8, 49 
Fossils, 363 ff . ; age of, 365 ; of algae, 
822 ff . ; of cycads, 781 ff . ; of Equi- 
setineaCy 7 15 ff . ; formation of, 364 f . ; 
history from, 368 ff . ; of leaves, 
3tVlf.; of lyoopo^, 740 ff., 826; 
nature of, 363 f. : Proterozoic, 
403 f. ; used in classification, 363 
Four-o’clock, stem of, 172; color in- 
heritance in, 335 ff. 

Fronds, of Fiftctnsoe, 746 
Fructose, 58 
Fruit, 7, 294 ff . 

Fruit bodies, of Anihurus 5rotmn, 
635; of AscomyceteSy 598; of Bo- 
sidiamycetesy 621 ff., 633 ff. ; of 
Laehnea ai:d Peziza, 507; of li- 
chens, 651 f. ; of MyxamyedsSy 566; 
of Pyronema canflusnSy Ste 
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Fueales, 526, 643 If., 649 f. 
Fucoxanthin, 526 
Fucua, 542 ff. 

FuHKi, 362, 576 if. ; with algae in 
lichens, 649 f. ; l)ird’s-nest, 633 ; 
black, 615 f.; bracket, 621); classes 
of. 578 if. ; cup, 606; evolution of, 
582; and galls, 184; gill, 623; im< 
portance of, 577 f. ; in mycorrhiza, 
709, 724; reproduction of, 576; 
rust, 638 f.; in soil, 218; stink- 
horn, 633 f. 

Funiculus, 272, 287 if., 292, 298 f. 
Galls, 184 

Garnet angia, 529; of Rhizopxis, 590 
Gamete, 337; definition of, 339; 
purity of, 338; in reproduction, 
414, 418, 420, 422 

Gametophyte, 546 f., 654 f., 658 ; of 
angiosperms, 815 ff.; of Bryophyta 
and Pteruiophyla, 737; of cycails, 
768 f. ; of Equisetum, 711; of fern, 
690 ff.; of (ineUileSf 813; of Isoetea, 
739; of liverwort, 670; of Lycopo- 
dium^ 723 ff. ; of moss, 674, 679 f. ; 
of pine, 804 ff. ; of Pleridophyta^ 
684; of Selaffinella, 738; of Si)er- 
matophyUit 753 ff. 

Gasteromycetea, 621, 631 ff. ; tvfk‘.s of, 
632 ff. 

Geaster, 633 

Gemma, of Marchantia^ 661, 663 f. 
Genetics. See Breeding 
Genus, 14, 363 
Geological erii.'^, 367 ff. 

Geotropism, 18-1 f. 

Germinating si^eils, respiration of, 
77 f. 

Germination, conditions for, 322 f. ; 
definition of, 318; in mangroves, 
266 ; of oosikjrc, 453 ; ])roce8m»^ of, 
320 ff. ; rest {X!rk>d before, 319 (T. 
Ginger plant, rhizome of, 199 ff. 
Ginkffo, 775, 788, 792 f. ; flagellated 
spennatozoids of, 807 ; s<;e<ls of, 

794 

GinkgoaleSf 792 ff. ; Crctar?eou8, 835 ; 
Mesozoic, 833 ; relationshm of, 

795 f. ; peprodiictif)n of, 793 ft. 
(iirders, 149 

Girdling, 171 

Glands, 142: fossil, 776; on hairs, 47 
Gloeocapna^ 392, 398, 400 ; oeruginoaQf 
396 

GUmopterUf 819, 831 
GloBBopUrtM flora, 831 


Kingdom 

Glucose, 58; product of photo83rn- 
thesis, 49 

Glycogen, in bacteria, 374 
GneialeSf 81 1 ff. ; and angiosj^erms, 820 
Gnetutriy 810 f., 813 
Gondwaim Land, 831 
Gonium, 431 ff. 

Gooseberries and rusts, 643 
Grafting, 174 ff. 

Gra|H‘friiit, 103, 270, 298 
Grasst's, 197,280; |)olIination of, 281 ff. 
Gnusslaiid, 256 ff. 

Gravel, 215 

Grct*n algae, 413 ff. ; and Chrysophyta, 
509 ff. ; develf)pmcnt of, 501 ff. ; 
evolut ion of, 49t) ff ., 842 ; in lichens, 
649; in Paleozoic age, 824; re- 
pnKluction of, 423; summary of, 
498 ff. ; tyi)es of, 415 ff. 

Growing j)oint of r(M)t8, 2(K) f. 

Growth, and c.\ternal factors, 179 ff. ; 
grand jwriod of, 178 f.; in proto- 
plasm, 24 ; of roots, 206 ff. 

Guard cells, of storna, 33, 97 ff. 
Guava, 117, 121, 298 
Gums, Itk) 

GymnosjH'rtns, 14, 363, 370, 756 ff. ; 
Conifvrnlea^ 796 ff. ; Cordaitales, 
787 ff. ; PtfCfuialeaf 779 ff. ; Cx^aido- 
fdicales, *769 ff. ; Cucas, 758 ff. ; 
Girikgmka, 792 ff. ; GneUiles, 811 ff. 
GynosjK)re8, of pine, 802; of Sper- 
mntophyta^ 754 

Habit, 10 
Habitat, 10 
Haploid numlwr, 449 
Haustorium, 197; of Albugo, 583 f.; 
of Cuacuta, 67 f. ; cyead pollen tube 
as, 781 ; of mistletoe, 12 
Head, 279 
Heartw<K)d, 165 f. 

Heat, and blue nigae, 400 ; and en- 
zymes, 66; and growth, 55 f., 88, 
179 ff.; of respiration, 78 
Heliotrupisin, BK) 

Herniaacomycetta, 606 ff., 619, 621 
Hernicelluloee, 59 ff. 

Hemiparasites, 12 
Hemp, 161 

Hepaticae. See Liverworts 
Heredity and nucleus, 326 ff. 
Heterobaaidiornycetea, 620, 634 
Heterocysts, 395 f. 

HeterokcnUu, 513 f. ; and diatoms, 520 
HeterothaUic species, 591 
Heterotrophic bacteria, 377, 380 
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Heterotrophic plants, 67 
Heterozygous individual, 339; self- 
fertilization in, 359 
Hibiscus, 270, 274 
Hilum, tM)H 

Homothallic sptH'ics, 591 
Homozygous individual, 339; self- 
fertilization in, 359 
Hooks, UK) 

Hormones and growth, 188 ff. 

Homed f 701 ff. 

Horse-chestnut, 120 
Horseradish, 359 
Horsetails, 362, 710 ff. 

Host, 12, 68 f. ; of rusts, 638, 641 ff. 
Humus, 218 

Hybrids, 337, 352 f. ; vigor of, 357 f. 
Hydnum, 622 ff. 

Hydration, of collr)ids, 23, 82; in 
chlorenchyiria cells, 156 
Hydriniictyon, 4S0 ff. 

Hydrogen, source of, 10; in proteins, 
21, 62 ; in Baeycr’s liyiK)thesi8, 49 ; 
in carbohydrate's, 57, 60 ; in respira- 
tion, 75; needed by plant, 214 
Hydrogen sulfide, oxidation of, 378 
Hydrophytes, 10 
Hyeuin ctegans, 719, 721 
Hymeniurn, of Ascomyceles, 598; of 
iMchnm, 5tK) ; of mushroom, 618 ; of 
HymenomycftfSy 621 f. ; of fios/cro- 
mycete.s^ (>131 ; of lichen, 651 
Uymenomyccles^ 621 ff. ; and (idstero- 
mycetee, (k 31 ; primary hyph.ae of, 
623 ; fk'condary hyphae of, 624 f. ; 
tertiary hyidiae of, 627; stipitate, 
resupinate, ami bracket, 622 f. 
Hyphae, 576; ascogenous, (>01 f. ; of 
DifHidaAciai, 6(H>; ])rimary of Hy- 
tnenomycetrs, 623 ; sc'condary of 
H ymenomycetes^ (>24 f. ; tert iary of 
H ymcnomycetea^ 627 ; of Penmoapo- 
raceae, 5813 
Hy|K)Cotyl, 325 
Hy[>ogynous flower, 275, 277 

I-ln^am, 149 f. 

Imbibition, 85 
Immunity, 387 f. 

Inbreeding, 358 ff. 

Indehiscent fruits, 300 
Inferior ovary, 296 
Inflorescences, tyt>e8 of, 278 f. 
Inheritance, of factors, 346; of sex, 
349 f. ; in sunflower, 355 ; of three 
pairs of characters, 346; of two 
pairs of characters, 341 ff. 


Inorganic salts. See Mineral salts 
Insectivorous plants, 69 ff. 

Insects, causing galls, 184; as food, 
69 ff.; hosts of EntonuyphthoTOceae^ 
595; hosts of 617 ; 

and |K)llination, 280, 283 f. 
Integuments, 287 ff. ; of angiosperms, 
815; of CyccuiofilicaleSf 774; of 
CycaSf 767; of Ginkgo^ 793; of 
Spernialophyla, 754; of Stephano- 
Hperynum akeriioides, 775 
Intercalary growth, 1 18 f. 

Internal glands, 142 

Intemodes, 117f. ; lentic^ds on, 121 

Intramolecular respiration, 79 

Inulin, 59; spherocrystals of, 69 

Invertase, 66 

Iodine, in starch test, 52 

Iron, in fruits and vegetables, 64; 

from soil, 214 
Irregular flemers, 269 
Irritability of protoplasm, 25 f. 

Isoetes, 738, 739; garnet ophytes of, 
739 ; S|x)r()phyll of, 739 
Lsogametes, 414, 418, 421 
Isthmus, 472 
Ivy, roots of, 231 

Jungermanniale^, 659, 668 ff. 

Jute, 161 

Kale, flower of, 2(39, 275 
Karvolvmph, 326, 328 f. 

Kelp, 525 f., 537 ff. 

Kohl-rabi, 201, 203 

Ldhoulbenialcey 617 ff. 
lyichnea, 596 f., (503 
lAiminaria, 527 ; detUigerOt 637 ; sac- 
charina, 537 f. 
lAvninariales, 537 ff. 

I..aniinarin, 526 
I.di(cx tulx’s, 142 

Lauracenef in Cretaceous [leriod, 831 
Ix'ad, 368 

Li»af, 29 ff. ; of A caddy 844 ; arrange- 
ment on stein, 12 1 ff . ; of A steroxyUmy 
701 ; «)f liryalesy 679 ff. ; of Hry- 
ophiftay 653; of VaUimiteSy 716 f.; 
of (\iy(onialeSy 819; of Coniferales, 
147, 7lH>; of CordaitaleSy 787; of 
Cycodeoideoy 782 ; of CycadofilimleSy 
771; of Cucasy 758, 769; decidu- 
ous, 97 : of ilicotylotions, 128; and 
extenial comlitions, 184 ff.; fall of, 
171 ; of fern, (>88, 699, 745; func- 
tion of, 29, 102 ; of GinkgoaleSy 792 ; 
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of GneicdeSf 811; of heterotrophic 
plants, 116; of Isoeles, 739; of 
LepidodendroHy 742 ; and light, 54, 
66 ; of Lycojxxliineae, 721 ; of 
Lycopodium^ 723 ; modifications of, 
l^f.; motile, 114; photosynthesis 
in, 48ff.; of pine, 796, 7t)9; jHisition 
of, 119; of Fsilophytales, 700; of 
PsilotaleSf 708; with rust, 639, 643; 
scars, 1 19; secondary thickening in, 
174; of SelaginelUiy 729, 730, 731; 
s^pes of, 42 ff. ; of Sigillnria^ 743 ; 
specialized, 102 ff. ; of SphognutHy 
676 f.; of Sphenophyllaceney 720; 
starch test in, 52; transpiration 
from, 86 flf. ; trichomes of, 44 flf. ; 
veins of, 39; water content of, 101 
Legume, 300 
Lenticel, 121, 169 f. 

Lepidodendron, 740, 742 f., 826 
Leptosporangiate ferns, 748, 750 f. 
Leiicoplasts, 26 
Lichens, 362, 400, 648 ff. 

Life plant, leaf of, 109 
Light, effect of, 54; and growth, 
182 ff. ; and photo8>m thesis, 50, 52 
Lignin, 19: in tracheids, 135 
Ligule, of Isoetes, 739 ; of SelagiuelUi^ 
731 

Ldy, 109, 274 
Lima bean, 307 f., 320 
Lime, 41, 203, 299, 301 
Linden, 160 f., 312 
Linear leaves, 44 
Linin, 326 
Linkage, 343 f. 

Lipase, 66 

Liverworts, 262, 663 ff., 670; leafy, 
669; and mosses, 674, 683; arid 
Psilophy tales t 707 
Loams, 216 f. 

Lotus, 263, 312 
Lumbang nut, cells of, 62 
Lycopodiales, 684 ; Carlx>niferou8, 
740 ff . ; Devonian, 826 ; origin of, 
728 f . ; Triassic, 832 
Lycopodiineae^ 696, 721 ff,, 729, 752; 
and JsoeteSf 740 

Lycopodium, 721 ff. ; alternation of 
generations in, 726; gamet-ophyte 
of, 723 ff.; sporophyll of, 723; 
stem of, 72i 

Lypinoplens oldhamia, 770, 772 ff. 

Maidenhair fern, siphonostele of, 687 
Magnesium, 214 
Maguey ffbers, 145 


Kingdom 

Male nuclei, 287; in fertilization, 
331, 337 

Mango, 169, 306 
Mangrove-swamp forest, 264 ff. 
Maple, 310 

Marnitiaceae., 750; synangia of, 776 
Marchantia, 662 ti. 

M archantiales y 659, 662 ff. ; relation- 
sliip of, ()68 
Marigold, 286 
Marine vegetation, 261 f. 

Marsilea, 749 ff. 

Maturation, i!i root, 208 f. ; in stem, 
178 

Mechanical tissues, 148 f. ; in leaves, 
150 ; in stems, 150 ff. 

Megagametes, 443 

Megiis|^>ningia, of fossil lycopods, 
740; of IsoetcSy 739; of Selaginellay 
732 ff. ; of S permatophytay 754 
Megasix)re, i>f fossil lycoixxls, 740; 
of I socles y 739; of Lefndodendron 
vellheimianumy 742; of orchid, 
815; oi Selaginellay 732 (,y7'^ii; of 
S per main phytny 754 
Megasporophvll, of Selaginellay 732 
Meiosis, 332 ff., 349 
Melon, 303 

Meml>rane, 8(*mii)ermeable, ojxira- 
tion of, 83 f. ; plasm, 84 
Mendelism, 335 ff. ; application of, 
35() f. 

Merisniopediay 392, 400 
Meristem, 118, 159; cork from, 169; 

in HMjtcap, 206 f. 

Mesocarp, 294, 302 
Mesophytes, 11 f. 

Mesozoic j>eriod, 367; Cycadales in, 
779 ; cycadophytes in, 782 ff . ; Equi- 
setineae in, 715; ferns in, 748; 
Boras of, 832 ff. ; Ginkgoales in, 792 
Metalxdism, 24, 81 
Melaphase, 326, 329 
Metaxylem, 135 
Aficrococcus selenicus, 380 
Microgametes, 443 
Micropyle, 2^ f., 291 ff., 308; of 
angiosfxTms, 816: of Cycas, 762; 
of Spermalophytay 764 
Microsporangia, of fossil lycopods,* 
740 ; of Jsoetesy 739 ; of SeJaginella, 
732 

Microspores, of fossil lycopods, 740; 
of Isoelesy 739; of SelagtneJla, 732, 
736; of Sitermalpphyia, 754 
Microsporopnyll, of Selaginellay 731 
Middle lamella, 20; in rooteap, 207 
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Midrib, of leaf, 30 ; cross section of, 
38 f . ; functions of, 37 ; tissues of, 
37 ff. 

Milkweed, fruit and seed of, 304, 310 
Millet, root of, 208, 210 
Mineral salts, absorbed by roots, 204, 
212 f. ; accumulated, 213 f. ; in prf)- 
toplasm, 21 ; in transpiration, 88fT. 
Mints, 151 

Minute seeds, 309, 317 
Mitosis, 326 ff. ; in brown algae, 525 ; 
in red algae, 550 

Modifications of structure, acquired, 
94 f. ; hereditary, 94 f. 
Monocotyledons, 32, 127, 307, 814; 
flowers of, 12S; gerniinatirm of, 
321 f. ; leaves of, 3‘X 128; roots of, 
205, 219 ff.; stein of, 128, 143 ff., 
201 ; in swamps, 264 
Monoecious plants, 275 
Monotrojxtf 13 
MonscKin forests, 254 ff. 

Moon wort, 748 

Miiraceae^ in Oetaceous period, 834 
Morphological chang(\s, 90 
Mosses, 252, 672 ff. ; anthcridium of, 
678; archegonium of, (>79 f. ; garne- 
txiphyte of, 679 ; peristome of, 682 ; 
|)o8ition of in plant kingdom, (SKi 
Motile leaves, 1 14 f. 

Mountjiin vegetation, 248 ff. 
Movement, of bacteria, 373; (d blue- 
green algae, 398; of dinoflagel- 
lates, 524; of flagellates, 407, 409, 
41 1 ; of leaves, 1 14 ; of M ijxomycetes^ 
566 ff. ; phototropic, 186; of proto- 
phism, 25; of Volwx, 426 
Mulberry, abscission laver of, 170; 
buds of, 119; fruit of, 294, 299; 
leavtya of, 29; lenticcl of, 169 
Mulch, 216 

Multiplication of bacteria, 375 
Mungo bean, cells of, 58 ; root of, 222, 
224 ff.; swxllingof, 187, 191 
Af uscif 672 ff . ; ancl A nthitceroiales^ 670 
Mushrooms, 576, 620, 630 f. ; hy- 
menium of, 618 

Mutations, 353 ff. ; character of, 
356 ; origin of, 3^ f . 

Mycelium, 576: of Hijmenomycetes. 
623 ; of powdery mildews, 611; oi 
Pvccinia yraminis^ 640; of Sapro^ 
legnia, 579 

Mycorrhtza, 709, 724 
Myrsiphyllunif stem of, 198 
Myxamoeba, 667 f. 

MyxamyceUs, 566 ff. ; and fungi, 582 


Nectar, 283 
Nectary, 270 

Negative geotropism, 184 f. 

Negative phototropism, 185 
Nelumbium nelumho, 263, 315 
Nemalion^ 553, 555 ff. 

Nerium oleander , 92, 167 
Netted veins, 30, 41, 128 
Nettle, hair of, 46 
Nipa palm, cells of kernel of, 28 
Nitrates, 218, 379 f., 385 
Nitrites, 218, 379 f., 385 
N ilrobacter, 380 

Nitrogen, in proteins, 21, 62, 381, 
385; from soil, 214, 218, 381 
Nitrogen-fixing bacteria, 218, 380 ff. ; 

free-living, 381 ; symbiotic, 381 f. 

N itroHococcus, 380 
Xitrosomonas, 380 
Nodes, 117 f. 

Non-mot ile ct)lonial algae, 477 ff. 
Nosioc, 393, 397, 401 
NuceHus, 287 ff., 291, 308; of angio- 
s}>erms, 815 ; of CycndofilicaleSf 773 ; 
of ('yens, 762; of (linkgo, 793; of 
S per malo phyla, 754, 756 
Nuclear nuunbrane, 326 
Nucleic acid, 63 
Nucleoli, 326, 329 
Nucleo])rotein8, 63 
Nucleus, 23, 326 ff., 334 
Nut, 301 f. 

Nutmeg, 209 

Nutrition, of bacteria, 377 f. 

N ymphaeaceae, air p:is.sages in, 80; 
in Cretace<^>us j>eriod, 8^ 

Oak, fibers from, 136 
Odors, 47, 142, 286; of stinkhoms, 
633 

Oedogoniales, 460 ff., 498 
Oedogoniumy 459 ff, 

Oidia, 620 

Oils, essential, 142, 286 
Oleander, 92, 167 
Olein, 60 
Olive, 306 

Onion, 19, 109, 207, 223 
Oogonium, 451 ff., 463, 490, 564; of 
Fucu», 545 

Oomycetes, 578 ff. ; Albugo, 583 ff, ; 
Saprolcgma, 578 ff. ; and Zygomy- 
cetes, 592 

Oospore, 428 f., 453, 464 ; of Albugo, 
584 

Operculum, 676, 680 
Ophioglossaceae, 750 
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Opposite leaves, 122 
Orange, 303 ; gland in peel of, 140 
Orchid, capsule of, 309; embryo sac 
of, 817 ; epiphytic, 5, 10, 227, 240; 
female prothallus of, 815; siKire 
mother cell and megaspores of, 815 ; 
phototropism in, 185; with green 
roots, 227 
Order, 14, 363 
Organisms in soil, 218 
OsciUatoria, 392, 398, 400 
Osmosis, 84 f.; in chlorenchyma 
cells, 156 

Osmotic pressure, 82 f. ; in guard 
cells, 99 ; in parenchyma cells, 148 ; 
in transpiration, 88 f. 

Outbreeding, 358, 360 
Ovarv, 7, 270, 272; of angiospcrms, 
814; and fruit, 294, 296 f., 301; 
simple and com])ound, 277 f., 
291 f. ; of Sperrnalophyta, 756 
Ovule, 7, 272 t . ; of Coniferales^ 798 ; 
of Cordaitales^ 789 ; of Cycademden^ 
782; of Cycas, 754 f., 760, 762 f. ; 
development of, 289 ff, ; of Ginkgo^ 
793 f.; of Gnehim gnemon, 813; 
of Gymnosperrnaet 756; of pine, 
801 flf. ; structure of, 287 fif. 
Oxidation, 56; of fats, 60; for ger- 
mination, 323; respiration as, 75 
Oxygen, in Baeyer’s hyiKithesis, 49; 
in carlxjhydrates, 57, tK); for 
germination, 322 f. ; for plant, 214 ; 
in photosynthesis, 50 f., 53 ; in 
proteins, 21, 62; in respiration, 
76 ff ., 79 f. ; source of, 10 

Paleozoic era, 367, 822 ff . ; close of, 
830 f. ; Cycoflales in, 830 
Palisade chlorenchyma, 34; in leaf, 
41, 92; and Sfiongy, 91 ff.; struc- 
ture and function of, 34 
Palmate leaf, 42 
Palmella, 437 ff. 

Palmella stage of Chlamydomoruu, 
417, 419 

Palmelloid algae, 437 ff. 

Palmitin, 60 
Panicle, 279 
Papain, 66 
Papaya, 44, 273 
Papilla, 453, 563, 571 
Parallel veins, 30; in monocotyle- 
dons, 128 

Paraphyses, 543, 598, 604 
Parasites, 12; reduced leaves of, 115; 
nutrition of, 68 


Kingdom 

Parasitic bacteria, 184 
Parenchyma, 48; in anomalous sec- 
ondary thickening, 173; of cortex, 
129, 131 f. ; in pericycle of root, 
221; from phellogen layer, 170; 
structure of, 38 ff . ; in xylem, 136 
Parsnip, 234 f. 

Passage ctdl, 221, 223 
Pathogenic bacteria, 386 
Peach, 277, 306 
Peanut, 62, 318, 325 
Peat, 678 
Pectin, pectose, 20 
Pellagra, 63 
Peltate leaf, 42 f. 

Pmicillium, 610 f. 

PennalcSy 518 f. 

Peperomia pellucidiif 95 

Percolation, 215 f. 

Perennials, 13 

Perianth, 275 (f., 281, 284 ; of Gnetales^ 
810 f., 813 
Pericarp, 294, 21K) 

Pericycle, b^; in root, 220 f.; 

structure of, 138 
Peridi\jm, 566 
Perigynous flower, 275 ff. 

Perisperm, 308 
Peristome, 680, 682 
Peril hecium, of AHCAwiycetes^ 598; of 
Erysiphe^ 612 ; of Podosjixrra^ 597; 
of powdery mildews, 614 
Persimmon, cell walls in seed of 
Japanese, 61 
Petals, 276, 295, 815 
Petiole, 29, 103; of Alocania^ 153; 
bhwlelike, 102 f., 844; and dia- 
phototropism, IWl f. ; of Eichhor- 
wi«, 106; (A NymphaeGf SO 
PezizaleHf 597, 6<H> 

Phaeophycency 526 ff . 

PhaeophyUiy 525 ff. 

Ph«agocyto8i8, 387 

PhoHeolus radiaUiH. Mungo bean 
Phellogen, 169 f. 

Phloem, in anomalous secondary 
thickening, 172 f. ; of Asteroxylorif 
704 ; in beet rwit, 171 ; in coca leaf, 
39; in conducting system of leaf, 
40 f. ; in CycadofiUcaleSy 771 ; of 
fern, 690; in /arora, 38: in leaf 
scars, 119; in monocot.yletions, 145 ; 
phellogen in, 170; produced from 
cambium cell, 160 ; of Psilophytalesy 
700 ; in roots, 220 f . ; in stem, 129. 
134, 136 ff. ; storage in, 236 
Phosphorus, 21, 62, 214 
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Photosynthesis, 5, 48 ff.; and ani- 
mals, 53 ; in brown algae, 526 ; and 
carbon dioxide, 48 f., 53 f. ; in 
chlorenchyma, 33 flf., 131 ; in chlo- 
roplasts, 26; in conifers, 148; 
energy in, 56; in Eytme/um, 711 ; 
in flagellates, 408; in gnisses, 42; 
in leaf, 29, 41 ; and light, 54; and 
respiration, 77, 80 f. ; in roots, 225, 

, 227 ff . ; in stem, 193, 196 ff. ; and 
temperature, 55 f . : and transpira- 
tion, 86; in xerophytic leaves, 246 
Phototropism, 185 ff. 

Phyoocyanin, 391, 548, 565 
Efcycoerythrin, 548, 565 
Phijcomycetest 578 ff. 

Phycophytay 576 ff. 

PhyllogUmum, 726, 729 
Phyllotaxy, 121 ff. 

Pileus, 630 f . 

Pine, gyno8ix)rea of, 802 ; leaf of, 796, 
799; male gametophyte and fer- 
tilization of, 804 ff. ; ovule of, 
801 ff. ; pollen sacs of, 804 ; pollen 
tulw of, 806; pollination of, 804; 
prothallus of, 801 ff. ; resin duct 
in, 139 ; seed of, 756 f., 807 ; vege- 
tative structure of, 799 
Pineapple, 183, 295, 299, 359 
Pinnae, 42 
Pinnate leaf, 42 f. 

Pinnule of Caytoniales^ 818 
Piittia stratiotes, 10, 36, 263 
Pistil, 6f., 269 f., 272; and |X)llina- 
tion, 279 ff. 

Pitcher plant, 69 ff. 

Pith, 129, 134; in CycadofilicaleSf 
771; in roots, 219; variations in 
size of, 139 

Pith rays, 134 ; in anomalous second- 
ary thickening, 173; in Erythrina 
fusca^ 164 ff.’ function of, 137 f.; 
production of, from cambium, 160, 
164 ; in redw<K)d tree, 148 ; second- 
ary, 16*1 f. 

Pitteti vessels, 136 
PUinococcuSf 375 
Plant kingdom, diagram of, 843 
Plantain, 280 

Plants, 1 f., 4 f, ; autotrophic, 66 ; 
classification of, 13 f. ; dilution in, 
66 ff . ; environment of, 8 ff. ; ^gra- 
phy of, 237 ff. ; heterotrophic, 67 ; 
insectivorous, 69 ff, ; names of, 
14 ff. : photosynthesis in, 48 ff. 
Plastmaioj^ora bra^sime, 572 f., 675 
Plasmodiopkoraceaet 575 


Plasmodium, 671 
Plasmolysis, 84 ; example of, 85 
Plastids, 26 f., ^8 f. 

Platydorinaf 435 f. 

Pleistocene period, 835 f. 

Pliocene i>eriod, 835 
Plum, 275, 277 
Plumule, 307 f., 324 
Pocket leaves, 112 
Pod, 300 

Poinsettia, 107, 141, 182, 282 
Polar bodies, 374 
Polar nuclei, 289 
Pollarding, 127 

Pollen, in sexual reproduction, 6; 

transfer of, 279 ff. 

Pollen chamber, 774 
Pollen grains, 271, 754, 766; of Cay- 
toniedes, 818 f. ; of Cordaitdles, 789, 
791 ; of CycadofilicaleSf 774 ; of Cy- 
caSf 765 ; of Ginkgo ^ 793 ; modes of 
discharging, 272 f., 287 f.; of pine, 
804 ff. 

Pollen sacs, 272, 754, 766; of Cay- 
toninle^y 819; of ConiferaleSy 798; 
of CordaitaleSy 788; of Cyc^ofili- 
cakSy 773 ; of CycaSy 760; of Ginkgo, 
793 ; of pine, SOA 

Pollen tube, 287, 756; development 
of, 291 f . ; of Ginkgoy 793 ; origin of, 
in Cycadale^y 781 ; of pine, 806 
Pollination, 273, 279 ff., 804 
Polybkpharuiaceaty 421 f. 
PolyporaceaCy 623, 630 
Polysaccharides, 58 f. 

Potysiphoniay 5^ff; violacm, 551, 
55;i, 561 f. 

Polystele, 690 
Pomegranate, 302 
Poplar, 278 
Poppy, 314 

Pore fungus, 618, 623 ff. 

Porphyra, 5^ f. 

Porphyrifiiumy 563 ff. 

Positive geotropisra, 184 
Positive phototropism, 185 
Potassium, in soil, 214 
Potato, cells of, 57 ; food storage in, 
2(X)ff. ; starch grains of, 51, 59; 
tuber of, 200 ff. 

Powdery mddews, 61 1 ff. 
Praiinodadus. 440 
Primrose, 279 
Procarn. 556, 659. 561 
Proembryo, of Cycaa, 766; of pine, 
807 f. 

Promycelium, 646 
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Prop roots, 231 ; in Rhizophora^ 229, 
266 

Prophase, 326 ff. 

Protection, by cork, 169; by dor- 
mancy, 181 f.; by leaves, 112 ff.; 
by rootcap, 206 ; by stem, 193, 203 
Proteins, 21, 62; decomposition of, 
385 ; h>r human food, 63 ; in pro- 
toplasm, 60; as reserve food, 57, 
61 ff. ; in sieve tubes, 154 
Prothallus, 362; of Bothrodendron, 
741; of Cycadofilicales, 773; of 
CycaSf 762 f., 767 ff. ; of Equiaetum, 
712 f.; of fern, 691 f., OlMi; of 
fossil ly copods, 740; of Ginkgo, 
793; of Gneium gnemon, 813; of 
Isoetes, 740; of Lycoixxlium, 724, 
726 ; of orchid, 815 ; of pine, 801 ff. ; 
of Psiloiales, 709; of Selag^mella, 
732 ff. 

Protococcales, 500 
Protococcus, 456 ff. 

Protolepidoilendron primaevum, 825, 
826 

tonema, 674 f., 679 
toplasm, 18, 20 ff. ; absorption of 
water by, 82 ; in dry socmIs, 322 ; in 
flagellates, 409; in grtHjn algae, 
415; in Myxomyceies, 566 ff.; 
sugar for, 57 

Protoplasts, in diatoms, 519 ; in green 
algae, 417, 423; in Myxomyceies, 
567 

Protosiphon, 494 ff. 

Protostele, of fern, 686, 690; of 
Psilophy tales, 706 
Protoxylem, 135 
Protozoa, 41 1 

Pruning, 174; self-pruning, 192 
Psidium guajnva, 117, 121, 298 
PsilophyUdes, 7(X) ff ., 729, 752, 837 ; 
Devonian, 824 ; and evolution, 824, 
837, 842 ; and Equisetineae, 720 f, 
Psilophyton, 700, 702 ff. 

Psilotales, 707 ff., 729 
Psilotum, 708 f. 

Pteridophyta, 361 f., 684 ff. ; An- 
thocerotaUs and, 670; classes of, 
696 ff.; Devonian, 824 ; diagram of, 
837 ; interrelationship of, 706, 752, 
824 ; sporoph 3 rtes and gameto- 
phytes of, 737; typical life of, 
687 ff. 

Pteridosperms, 769 ff. 

Pueeinia graminU, 637 f., 641 
PuffbaU, 632f. 

Pulque, 212 


Kingdom 

Pulvini, 114 
Pumpkin, 272 
Purslane, 288 
Pycnia, 638 
Pycnidiospores, 638 
Pyrenoids, 414 f., 422 
Pyrenomycetes, 615 f. 

Pyronema confluens, 598 ff. 
Pyrrophyta, 524 

Quassia arnara, 103 

llaceme, 279 

IWhis, 42, 105; of ferns, 746 

lladiele, 307 f., 324 

Radish, seedling of, 186, 211 f.; 

storage root of, 205, 233, 235 
Rafflesia mauillana, 11, 

Kiiin forest , 237 ff . 

Rain tree, 127, 2S3 ; leaf of, 43, 55, 1 13 

Riirnbutan, 298 

Ramie, 161 

Raphidt»s, 36 

Raspberry, 196, 276, 278 

Riittan palm, 105, IIK), 239 

Re<*<‘ssive chara<*ter, 340 f. 

R<hI .algae, 548 ff. ; PakM>zoic, 824 
Re<l\voo(l, 148, 795 
Regular flowers, 269 
Reproduction, 6 ff., 24; of Albugo, 
58*1 ; aw'xual, 268 f. ; of bacteria, 
375 ff. ; of blue-green algae, 397 f. ; 
of brown algae, 526; of Chara, 
505 f. ; of Chlamydomonas, 416 ff. ; 
of Coleochaete, 451 ff. ; of Corda- 
itales, 788 ff. ; of Cutleria, 531 ff. ; 
of Vycatiojilicales, 773 ff.; of dia- 
ti)m8, 519 f. ; of IXctyota, Miff.; of 
Ectocarpus, 528 ff. ; of Fucus, 
544 ff. ; of fungi, 576 ; of Ginkgo, 
793 ff. ; of Gonium, 431 f. ; of 
Hepaticae, 654 f. ; of Laminariales, 
537 f.; by leaves, 110 f.; of Ne- 
tnalion, 555 ff. ; of Polysiphonia, 
558 ff. ; of red algae, 5^ f . ; of 
Rhizopus, 588 ff . ; by roots, 236 ; 
of Saprokyniny 679; sexual, 269; 
by steins, 193, 197; of Ulothrix, 
442 f. ; of UlotrichaUsy 445 ff. : of 
Vaitcheria, 487 ff. ; of Vowox. 
427 f.; of yeast, 609 f. 

Resin, 166, 167; duct, 139 f., 796 
Respiration, 8, 75 ff . ; and germina- 
tion, 323 ; oxygen for, 79, 108 ; and 
photosynthesis, 77, 80 f . ; tempera- 
ture for, 80 
Reticulum, 326 
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Rhizoids, 653, 660, 674 ; of fern, 692; 
of FsUophy tales ^ 70(); of Rliynia, 
701 

Rhizomes, of Asteroxylon^ 704; of 
Calamiiesy 716; of EquiseUnUy 711; 
of ferns, 746 ; of P silaphy tales ^ 700 ; 
of Psilotales, 708; repro(liiet ion by, 
191, 197 ff. ; storage in, 199 fT. 
Rhizophara^ aerating roots of, 236, 
264 ; prop roc»ts of, 230, 266 ; seeil- 
ling of, 319 
Rhizopus, 586 ft., 611 
Rhodophyln, 548 ff. ; Paleozoic, 824 
Rhynia, 7(K) flf. 

Riccia, 660, 662 ; figures of, 654 ff. ; 

and Marchanlia, 6()6 f . 

Ricciales, (>60 ff. 

Rice, 51, 64, 358 

Ricinus, flowers of, 273; leaf of, 43; 

seed of, 307, 323; stein <»f, 131 
Rivularin, 392, 394 
RfK)t, 6, 48, 204 fT. ; aeration in, 236; 
of carrot, 234; of climbing plant, 
196, 204, 231 f.; of dahlia, 233; of 
d(*8C‘rt plants, 258; of ferns, 688, 
6tl9; g(H)troj)i8m in, 188 ft. ; of 
Hedychium coronarium, 220; of 
Jussiaea re}}ens, 236; and light, 
185; of niungo lx*an, 222, 224 f.; 
of onion, 223; of orchid, 227; of 
parsnip, 235; photosynthesis in, 
228, 230; of radish, 2()5, 233; re- 
production by, 235 ; vSpecialized, 
227 fT. ; storiige in, 57, 235 f. ; of 
sweet ixitaU), 232, 234; of turnip, 
232 f.; of Wandering Jew, 221 f. ; 
of yam bean, 235 
R(M)t climbers, 196, 204, 231 f. 

R(K)t hairs, 208 ff. 

Root pressure, 156, 212 
R<K)tcap, 206 flf. 

Rose, 277, 298 f . 

Roselle. 302 
Rosette crystals, 35 f. 

Rosette plants, 70 f. 

Rubber tree, latex tubes of, 141 
Runners, 197 f. 

Rusts, 638 flf. ; stinking, 647 

Saccharofnyces, 609 f. 

Saccharum officinarum, 104, 145 f. 
Sam, 51, 202 

Scuicaceae, in Cretaceous period, 834 
Samara, 301, 305 
Sand, 215, 217 

Sa^uiaceae, in Cretaceous perioci, 


Sapodilla, 141, 306 
SaproUgnia, 578 flf. 

Saprolegniaceae, 583 
Saprophytes, 12 f.; leaves of, 115; 

nutrition of, 67 f. 

Sapwood, 165 f. 

Sarcina, 375 
Sargassum, 525, 549 
Sarracenia, 69 f. 

Savanna, 256, 259 

Scalelike leaves, 94, 1 15, 198, 246, 260, 
713, 799 
Scales, 45 

Scars, leaf, 119; of bud scales, 120 f. 
Sce7icfie.^<mus, 482 f. 

Schizocarpic fruits, 300, 302, 310 
Schizophyta, 391 ff. 

Sclerenchvraa, 133; fibers from, 145 f., 
153; figures of, 129 ff., 151 ff. ; 
function of, 149; jx^sition in di- 
cot ylcdonous stem, 151 ff.; position 
in monocotyledonous stem, 145, 
153 ; in roots, 154, 219 
Sclen>phyllous forest, 257 
Sclerotium, 616 
Scouring rushes, 684 
Scramblers, 195 f. 

Scurvy, 64 

SeawtWs, 261 f., 413, 447, 525 flf., 
548 ff. 

Sec<»ndary pith rays, 164 f. 

Secondary thickening, 158 ff., 163; 
anomaiou.s, 172 ff., 773; in Car- 
boniferous i)eriod, 716, 740, 771 ; 
in dicot yletlonous roots, 226 f. ; in 
leaves, 174; in monocotyledons, 
173 f. 

St'condary wood, 172 
Sedges, 196 

ScH'd, 7, 307 f., 779; of angiosperms, 
814, 818; of Carboniferous lyco- 
ImkIs, 744 f.; of Caytoniales^ 818; 
t)f Comfvrales, 798; of Cardaiiales, 
789; of Cycrufeouiea dartofn, 784: 
of Cycadofiliadcs, 771, 773; of 
Cycas, 766 f. ; dispersal of, 309 ff. ; 
and fruit, 294 ff., 299; germination 
of, 266, 318 ff. ; of Gimgo, 793 f, ; 
of (rnetales, 811; of Lyginopteris, 
774 ; of Miadesmia, 745 : or^in of, 
777 ff. ; rest j>eri(Kl of, 319 ft. ; se- 
lection of, 323 f. ; of Sjiermaiaphpta^ 
756; of Stct>hanosf}ennu9^ T74; 
storage in, 57. 779; of TWreya, 
798 ; of Williamsmia^ 786 
SotHl coats, 307 f. 

Seed-ferns. See Cycadofilieaks 
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Sdaginella, 729 ff. 

Self-fertilization, 279, 368 f . 
Self-pruning, 192 

Semipermeable membrane, operation 
of, 83 ff. 

Sensitive plant, 113 
Sepals, 276, 296, 816 
Septa, 634 
Sequoia, 796, 837 
Sessile leaf, 42 
Sex, inheritance of, 349 f. 

Sexuality, 269 ; of flowers, 273 f. ; of 
green algae, 498 ; of Pyronema con- 
fluens, 604 f. ; si^ificance of, 848 f. 
Shield budding, 176 
Sieve plates, 137 
Sieve tubes, 136 f. 

SigaUaria, 740, 743 f., 826 f. 

Silicic, silique, 305 
Silt, 215 

Simple leaf, 42 f. 

Simple proteins, 62 f. 

Siphon, 561 

Siphonales, 485 ff . ; relationship of, 
494 ff., 500 

Siphonocladialea, 496 ff . 

Siphonostele, 687 f., 690 
SmUax UucophyUaf 105 
Smuts, 644 ff. 

Soil, characteristics of, 209 f. ; com- 
position of, 19 ; cultivation of, 218 ; 
humus in, 218; structure of, 216; 
texture of, 215; water in, 9, 204, 
215 ff. ; weight of, 217 
Soredia, 662 
Sori, 761 

Spadix, spathe, 279, 286 
Species, 14 f ., 363 
Smrmatia, 638 

Spermatophyta, 13, 248, 361, 659, 
763 ff. ; angiosperms, 813 ff. ; dia- 
gram of, 837 ; gymnosperms, 756 ff . ; 
ovule of, 764; pollen of, 766; 
sporangia and spores of, 763 f. 
Spermatozoids, 362. 452 ; of Cycado- 
filicales, 775; of Cycas, 766; of 
Equiaetum, 713; of fern, 692; of 
Fucu$f 643 f . ; of Ginkgo, 793, 795 ; 
of Lycopodium, 724: of Sperma- 
taphyta, 756; of Sphagnum, 677; 
of Zamia, 766 
SphaereUa, 420, 422, 437 
^hagnalea, 676 ff . 

SphcMum, 676 ff.; relationship of, 
677 f. 

Sphenophyllaceae, 710, 716 f., 720 
Spheno^yllum, 719, 826 


Sphenopieris tenuis, 771 
Spike, 278 

Spines, leaves modified to, 94 f. ; pro- 
tection by, 114, 203; of Acanthus 
ilicif alius, 112; of cassie flower, 112 
Spirillum forms, 371 f. 

Spirogi/ra, 466 ff. ; relatives of, 470 f. 
Spiro phyUum, 38C) 

Spirulina, 393, 398 
Spandylmfiorum, 436 f. 

Spon^ chlorenchyma, 34 f. ; func- 
ti^ of, 35 ; and x)alisade, 55, 91 ff . 
SiMwiingiophore, 588 
S^rangiurn, 362, 588 f.; of Anthoce- 
^ros, 668; of Bothrodendron, 741 ; of 
C ala mites, 717 f.; of Coniferales, 
798; of Cycas, 762; of ferns, 685, 
m) {., 746 ff. ; of Funaria, 682 ; of 
M yxomycetes, 566 ff. ; of Psilophy- 
tales, 7iM) ; of Pteridophyta, 687 ; of 
Selaginella, 731 ff. 

Six)re, 362, 376 f. ; of angiosperms, 
815 f.; of blue-green algae, 398; 
of Calamiies, 719; of Cycas, 762; 
of Equisetum, 712; of ferns, 690; 
of m yxomycetes, 506 ff. ; of pine, 
801 f. ; of Selaginella, 731 ; of 
smuts, 645 ; of Spermatophyta, 753 
Six)ridium, (HO 

Sporocarp of Marsika, 749, 762 
Sporophores, 721 

Sporoi)hyll8, of angiosiH^ms, 814 ; of 
Calamite^s, 717, 719; of Caytonialee, 
818; of cycads, 756, 759 f. ; ovulate 
and staminate, 760; of Psilotaks, 
708; of pine, 801; of Selaginella, 
730, 732 ; of Zamia, 760 f. 
Sporophyte, of angio8{)erm8, 813f. ; of 
Bryophyta, 653 ; in Bryophyta and 
Pteridophyta, 737; of Cycas, 758, 
769; of fern, 688 ff., 694, 696; of 
Hepaticae, 6^f. ; of Isoetes, 739 f. ; 
of Marchardia, 665 ff.; of a moss, 
681; of Pteridophyta, 684; of Rio 
da, 657 f. ; o/ Selaginella, 729, 
734 IT. 

Sports, 353 

Squash, cell of, 18, 26, 85; compound 
ovary of, 278 ; hair of, 47 ; seed 
of, 307. 324; sieve plate of, 137;. 
stem of, 138; tendril of, 194 
Squirting cucumber, 317 
St^hom fern, 1 10 

Stamens, 7, 269 f., 272 f. ; of angio- 
sperms, 814 f. ; of CofdaUdles, 788, 
790; and pollination, 279; of 
Spermatophyia, 766 



Index 


867 


Staphylococcus^ 375 
Starch, 51 f., 57 ff.; grains of, 51, 
57 ff., 62, 65; in green algae, 414; 
tost for, 52 
Starch sheath, 129 
Stearin, 60 

Stele, 128 f. ; of ferns, 690 ; of Lepido- 
deruiron^ 743; of roots, 219 ff.; 
structure of, 134 f., 144 
Stem, 6, 1 16 ff. ; branching of, 125 f. ; 
buds on, 1 19 f . ; coniferous, 147 f. ; 
dicotyledonous, 128 ff., 139; four- 
cornered, 150 f. ; geotropism of, 
184 f.; leaves on, 121 ff.; mono- 
cotyledonous, 143 ff.; movement 
of materials in, 154 ff.; phototro- 
pism of, 185 f. ; 8|wcializo<i, 193 ff. ; 
sU)rage in, 57, 117; table of tis- 
sues in, 143 
Sietnonitisy 566 f., 571 
Stephanos phaera pluvialiSy 436 f. 
Siephamysiyermum^ seed of, 774 f. 
Sterigmata, 620, 622 
StigeocUmium^ 445 f. 

Stigma, 7, 270, 272, 278 ; of Caytoni- 
alesj 819; and pollination, 279 ff., 
287 f., 756 
Stinging hairs, 46 f. 

Stinkhoms, 6^ ff. 

Stipe, of HymenomyceteSf 622 f., 630 f. 
Stipules, 29, 111 
Stock, 176 f. 

Stomata, 33, 92 f., 97 ff. ; distribution 
of, 33; function of, 170; mecha- 
nism of, 98 f.; in stem, 121, 128; 
and transpimtion, 86, 93, 97 ff. ; 
and trichomes, 46 ; ventral wall of, 
100 

Stomatal pore, 98 

Storage, of food, 57, 111 f., 132, 193, 
2(X), 202 f. ; of water, 196 f., 202 f. 
Strangling fig, 230, 232, 242 
Straw Derry, 276, 278, 297 
Streptococcus, 375 

Strobilus, of angiosperms, 814 f. ; of 
Calamitest 717 f.; of Cycadeoidea, 
782 f. ; of Lycopodium, 722 f., 726; 
of Seiagtnella, 730, 732 
Style, 7. 270, 272, 281 ; of Sperma- 
lophyta, 756 
Suberin, 20, 168 f. 

Submerged plants, 262 f . 

Sucrose, 58 
Sugar apple, 297 
Sugar cane. 104, 145 f., 333 
Sugars, 57 f.; photosynthesis of, 5, 29, 
49 f. ; in protoplasm, 21 


Sulfur, in bacteria, 374, 378 f.; in 
proteins, 21, 62; from soil, 214 
Sulfur bacteria, 374, 378 f. 

Sundews, 70 f. 

Sunflower, 285, 301, 355 
Superior ovary, 296 
Support, by leaves, 102 ff. ; by roots, 
228 ff.; by stem, 116, 193 
Supporting leaf bases, 102 ff. 
Suspension, 21 f. 

Suspensors, 807 
Swamp vegetation, 264 
Swarmspore, 567 
Sweet potato, 232, 234 f. 

Switzerland in Miocene times, 836 
Synangium, 750 ; of Cycadeoidea, 
786; of W iUiamsonieUa, 787 
Synapsis, 333 
Synergids, 289, 816 

Tannin, in heartwood, 166 
Taro, 36, 200 f., 203, 279 
Tegmen, 308 
Telio8ix)res, 642 f. 

Telophase, 326, 329 
Temperature, and blue-green algae, 
4(X) ; and enzymic activity, 66 ; and 
growth, 179 ff.; and photosyn- 
thesis, 55 f. ; and transpiration, 88 
Tendril climbers, 194 f. 

Tendrils, 104 ff., 195 
Terrestrial plants, 10 
Testa. 302, 308 
Tethys Sea, 831 
Tetrad, 657 
Tetraspora, 438 f. 

Tctrasporales, 437, 443 f., 502 
Tetraspores, of r^ algae, 553, 555; 

in Polysiphonia, 559 
ThaUophyta, 361 f. 

Thallus, 449; of ArUhoceros, 670; of 
Cladophora, 458; of ColMehaete, 
453; of Fucus, M3; of Haligenia 
bulbosa, 538; of lichen, 650 f. ; of 
Marchantia, 661; of PeUia, 669; 
of Riccia, 6M f., 658 
Thelephoraceae, 623 
Thickening. See Secondary thickeiK 
ing 

Thorium, 368 

Tissues, in leaves, 32 ff., 150; me- 
chanical, 148 f.; in roots, IM; in 
stems, 143, 150 ff. ; tension of, 152 f. 
Tmesipteris, 708 
Tobacco, 47, 358 
Tomato, 47, 278, 303, 358 
Torus, 270, 277, 296 ff., 815 
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Xanthophyll, 626 
Xerophilous forests, 266 
Xerophytes, 10, 250 
Xerophytic leaves, 94, 246, 260 
Xylaria, 613, 616 

Xylem. anomalous st^condary, 172 ff. ; 
of Asteroxylon, 704 ; conducting 
tubes in, 40, 135 f.; in mono- 

cotyledons, 144; in roots, 219 ff.; 
secondary, 160 ft.; in stein, 129 ff., 
134 ff., 138, 172 ; traces of, in leaf 
scars, 119; in veins of leaf, 40 f. 

Yam, 235 
Yam bean, 234 
Yeast, 609 f. 


Yellow-green algae, 513 ff. 
Ylang-ylang, 297 
Yucca, 96, 173 

Zamia, 755, 760 ff., 766 flf. 

Zea mays. See Com 
Zebrina peruluUi, 97 f. 

Zoosporangium, 529 f.; of Saproleg- 
nia, 579 ; of Vaucheria, 487 f. 
Zoospc>res, 416, 418, 422, 449, 486 ff., 
537, 584 
Zygnetna, 469 ff. 

Zygomycetes, 578, 586 ff. ; and As- 
comycetes, 598, 606 f., 617, 619 
Zygospore, 418; of Spirogyra, 467 ff. 
Zi gote, 339, 416, 418, 422, 449 
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